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SUMMARY

This report presents the results of a 4-month parametric analysis and con-
ceptual design study conducted by the Research and Advanced Develocpment
Division of the Avco Corporation for the Jet Propulsion Laboratory. The study
objectives included a parametric analysis of the unmanned flyby bus/lander
concept for scientific investigation of Mars during the 1969 and 1971 launch
opportunities, a conceptual design of the selected configuration, and develop-
ment and cost plan indicating the program leading to development and first flight
of the Advanced Mariner vehicle in 1969,

The flyby/lander concept utilizes a 93-pound spacecraft launched on an Atlas
Centaur launch vehicle. The scientific capabilities of the lander and flyby bus
vehicles were determined to obtain a balance between scientific data and over-
all systems complexity commensurate with the first landing mission to Mars.

The lander vehicle separates from the fl*by bus vehicle prior to planet encounter,
enters the planetary atmosphere, and descends to the surface on a parachute.
During atmospheric entry, parachute descent, and surface operations, the lander
analyzes the Martian atmosphere and, for 5hoursafter impact, determines wind
velocity, and also performs a simple life-detection experiment. The informa-
tion is transmitted to Earth via both a direct transmission link to the DSIF and

is also relayed through the flyby bus which has been placed on a delayed flyby
trajectory for this purpose. The flyby bus also collects interplanetary data and
maps the planet. The lander vehicle has been designed to accommodate the
minimum projected atmosphere for Mars (11-millibar surface pressure) and
surface winds gusting to 200 ft/sec resulting in impact loads of up to 1500 g

for a landed payload protected by crushable material. The lander is to be dry-
heat sterilized to avoid contamination of Mars with Earth organisms while the
flyby bus is placed on a biased trajectory providing a small probability of enter-
ing the planetary atmsophere. Therefore it is not required to be sterilized.

The development plan shows that a minimum of three launch attempts are
necessary to achieve an 84 percent chance of a successful mission in the 1969
and 1971 launch opportunities, requiring that hardware development begin in
early 1965 to meet a 1969 launch date.

~-XXiv~
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INTRODUCTION

The primary objective of the lander study was to conduct parametric evaluations
of all pertinent subsystems to such a depth that a conceptual design could be
easily synthesized for a given mission objective. In order to do this, a rather
detailed parametric study had to be pursued to a depth such that all pertinent
design parameters could be evaluated as to their effect on the mission objectives.
Each'major subsytem within a given lander design was treated as a major dis-
cipline so that primary importance could be given each significant tradeoff
evaluation in that system and its influences on other interfacing subsystems.

In each subsystem, optimization analyses were conducted to fix certain para-
meters and to aid in the optimization of the complete system.

Such major subsystems as the heat shield system, descent system, impact
system, and communication system (including power supply) were given primary
emphasis. Other supporting disciplines--aerodynamics, thermal control,
scientific instrumentation, and design--provided the final link in the subsystem
integration.

With a completely parametric subsystem evaluation, a concpetual design
synthesis could be pursued. In order to synthesize a lander design; certain
basic mission objectives had to be assigned first, The mission objectives for
the lander conceptual design as defined by JPL and Avco RAD are:

1. Define atmospheric model, including (a) surface pressure, (b) surface
temperature, (c) density profile, and (d) composition

2. Determine existence of life on Mars

3. Determine surface wind velocities.
With these objectives and the requirement for atmospheric data transmission
prior to impact, a system was synthesized. Other basic ground rules established

_for the study are:

1. Apollo shape (slight modifications)

2. Dry heat sterilization

3. Passive (omnidirectional) impact system

4. Kaplan's atmospheric models (11 to 30 mb)

5. 200 ft/sec winds.

= XXV~
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The final conceptual design resulted in a 90-inch-diameter modified Apollo
shape (30-degree afterbody), entry weight of 516 1b, and a m/CpA = 0.25 slug/
ft2, This design is based on landing a 8. 5-1b scientific package in the area of
Syrtis Major for biological determination and for pressure, temperature, and
wind measurements. The design allows for atmospheric sampling of pressure
and temperature by direct measurement while on the main parachute and de-
termining the density profile by measuring vehicle performance during entry
with a 3-axis accelerometer. Composition of the atmosphere is determined by
a multichannel radiometer at the stagnation point during peak heating. All
atmospheric data are played out during main chute descent (~ 100 seconds) by
an independent communication system prepared for that purpose. All together
there are three communication systems included in the lander. The first system
plays out engineering and diagnostic data after lander separation and prior to
entry, the second plays out descent data prior to impact, and the last, located
in the landed payload, plays out the descent data again as well as all post-
impact data (biologicalandwind). Alternate concepts which could possibly _
eliminate one of these systems could be evaluated in a more detailed system
study.

The landed package is a spherical ball with impact attenuation material (aluminum
honeycomb) all over. Inside this sphere is the landed payload employing a
floation system for antenna erection after impact. This type of system resulted
after an evaluation of many erection methods; however, all others required
knowledge of the surface terrain whereas this system did not and could function
properly under the most adverse condition. Further details of the lander system
are presented in great detail in the following text, subsystem by subsystem,
starting with the conceptual design synthesis.

In this volume only the lander from start of atmospheric entry to impact (landing)
on the surface will be covered. The phase from flyby/bus separation to entry
will be fully covered in the flyby/bus report (volume IV), since this phase in-
volves the flyby bus interface and actuation procedures.

-xXxvi-
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1.0 CONCEPTUAL DESIGN SYNTHESIS

It is the primary objective of this section of the report to discuss the approach
and usage of the parametric data in order to synthesize a conceptual design.

Two independent paths will be pursued in the approach to a conceptual design
synthesis: (1) payload analysis, and (2) vehicle analysis. The first path--pay-
load analysis--will lead to the selected payload through parametric evaluation

of the mission objectives in terms of scientific instrumentation and communica-
tion requirements. Several payload possibilities will be evaluated for the selected
mission objectives described by the systems analysis (Ref. Systems--volume II).
The final payload selection will then be discussed in detail, showing the pertinent
design features of each subsystem involved. Alternate approaches will also be
indicated in areas of possible improvement. The second path --vehicle analysis--
will define the vehicle (lander) requirements necessary to accomplish the selected
mission objectives. The analysis is confined to the mechanical system design of
the lander (i.e., heat shield system, descent system, etc.). Summary parametric
curves, based on these systems, were generated in terms of available payload
weight as a function of lander diameter for each of the mission objectives defining
the payloads. By projecting on these curves the payloads generated in the pay-
load analysis, the final lander design requirements can be established and hence

a conceptual design synthesized.

A limited reliability analysis for selected payloads is presented to evaluate the
scientific return of these payloads in terms of probability of success.

Finally a complete summary of all pertinent subsystems requirements is pre-
sented for the conceptual design selection. This design will be fully evaluated,
subsystem by subsystem, in the remaining sections of this report,

1.1 PAYLOAD ANALYSIS

During the early phases of the parametric analyses, various lander payload
packages were synthesized utilizing the JPL~-supplied instrumentation list

and parametric tradeoff curves on communication and power. Section 2.0
describes the approaches to the scientific payload selection. Communication
subsystem and power supply subsystem tradeoffs were made versus range, tra-
jectory geometry, antenna geometry, bit rates, and so forth, for application to
a relay communicationsystem from lander to bus to DSIF and/or a direct system
from lander to DSIF. Section 10 describes the communication and power supply
system technology applied.

Seven lander payloads were established, with variations within each, to accomplish
several selected missions as shown in table 1. The fixed conditions and para-
metric data for these first payload determinations are listed in table 2. Payload
groupings (number 1 through 7) satisfied the mission objectives and were charac-
terized by landed lifetimes of from 12 to 48 hours duration and by mission total

bit content in excess of 1, 000, 000. A

-1-
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As the parametric study continued it was determined that these payload formula-
tions were too ambitious for the Advanced Marincr concept because of limitations
of the state-of-the-art of the complex payloads synthesized and/or because of

the allowable landed payload weight and volume. New payload groupings were
evolved which satisfied mission objectives ranging from simple 'land and survive"
to missions of increasing complexity.

This new grouping of payloads was identified numerically as 8 thorugh 15, The
mission conditions for payloads 8 and 9 were the same as listed in table 2 except
no direct link communications were considered. Mission conditions for payloads
10 through 16 are shown in table 3. The characteristics of each payload are
summarized in table 4. Payload 6 of the original grouping is shown on the table
to indicate its relative complexity when compared with those payloads in the new
grouping. Payload 16 is the conceptual design payload. A parametric weight
summary for the payloads listed in table 4 is shown in table 5.

TABLE 2

MISSION CONDITIONS FOR PAYLOADS 1| THROUGH 7

Launch Date 19 February 1969

Communication range - Direct 188 x 108 km

Communication Time - Relay 2 minutes, entry to impact.
1 minute, separation to entry

Communication Range - Relay 75 x 103 km

Approach Velocity 4.34 km/sec

Periapsis Radius 15 103 km

Entry Angle -45 degree

Bit Rate-Direct 18 at 100 w; 6 bps at 60 w

Separation Range 5 x 100 xm

Bus Weight 800 1b

-3-



TABLE 3

REORDER Mo.coy/ - 525

MISSIONS CONDITIONS FOR PAYLOADS 10 THROUGH 16

Launch Window
Arrival Date
Communication Range - Direct
Communication Range - Relay
Departure Velocity
Approach Velocity
Pariapsis Altitude
1. Midcourse correction
2. Midcourse corrections
Lander Entry Angle (Syrtis Major)
Separation Range

Lander Entry Velocity

10 Jan to 11 Feb 1969
15 Oct to 2 Nov 1969
176 x 106 km max.

75 x 103 km max.
3.35 .to 3.72 km/sec

3.74 to 4. 20 km/ sec

32,340 £ 23, 130 km
6,323 * 3,621 km
-66 to -74 degrees

1to5 x10® km

21,000 ft/sec

A thorough analysis was made of Payloads 9, 10, 11 and 15, according to the
following objectives:

Payload Mission Objectives
9 1. Land and survive
2. Provide engineering diagnostic data
10 3. Conductminimum(5 hour) biological experiment, plus land 2.
11 4. Conductextended (24 hour) biological experiment, plus 1l and2.
15 5. Provide descent television, plus 1, 2, and 3.

-4.

These payloads vary--in landed lifetime from 1 hour to 24 hours, and in size
from an entry vehicle that weighs less than 400 1b compatible with nonfloxed
Atlas payloads and the Surveyor shroud limitation to one that requires 30 per-
cent Atlas floxing and shroud "hammerheading' up to approximately 140 inches
in diameter.
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PARAMETRIC PAYLOAD CHARACTERISTICS
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In formulating these landed payloads, the parametric data presented in section 10
of this volume were used. The communication systems determination was the
prime criterion for the selection of the power and subsequent weight of each of
these selected four payloads. The results of the selection based on the use of
this parametric data is presented on the following pages.

1.1.1 Communications System Determination for Lander Payloads

9, 10,

11, and 15

a.

Relay ‘Link--Payloads 9, 10, and 11

1) From section 10, figure 224 and 225: Select"L'" equals 7.5 inches
for horn antenna based on packaging optimization of antenna weight
and volume as well as battery weight and volume.

2) From section 10, figure 216: Relay link frequency for 1. 0-
wavelength aperture horn antenna is 1.55 kmec at "L'" equals 7.5
inches.

3) From section 10, figure 214: -3 db beamwidth point for 1.0
wavelength aperture antenna results in an included angle of 54
degrees and peak antenna gain is + 9.5 db.

4) Assume receiver antenna gain equals transmitter antenna gain
results in total gain of twice + 9.5 db equals + 19, 0 db.

5) Assume pointing losses for receiver and transmitter antennas
equal -3, 0 db each resulting in -6.0 db from + 19,0 db or +13.0 db.

6) From section 10, figure 210: Negative gain in power due to
selected frequency of 1.55 kmc corrected from 2.0 kmc equals +2.2
dbw, where subscript w refers power to a level of | watt, added to
+ 13,0 db equals 15.2 dbw. '

7) From section 10, figure 205:At 14 bps, PTG = 15,2 for 2,55 x
10%4-km range but desired range is 1. 12 x 105 km or PrG= 28,0 dbw
(desired maximum range based on twice maximum periapsis altitude,
56, 000 km, expected from one midcourse correction). Net trans-
mitter power required equals 28.0 less 15,2 or 12,8 dbw,

RPT
= 12.8 dbw

10 log g

Rp'r = 19,1 watts

Py

)
XY
I\ \
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8) Assume 1.55 kmc frequency amplifier efficiency equals that
at 2. 295 kmc, therefore consumed power equals 3,0 RPT or 3.0
times 19.1 equals 57. 3 watts.

Payload 15

1) Select B = 6300 bps, based on 1. 75 hours post-impact relay

transmission,
a. Pressure data 0.026 x 105 bits
b. Radioisotope growth detector 0.012 x 10°
c. Anemometer 0.036 x 10°
d. Atmosphere mass spect. 0.055 x 107
e. Descent TV (5 pictures) 39.500 x 10°
Approximately 39.8 x 105 bits
39.8 x 105 bits = 6300 bits/sec

1.75 hrs x 3600 sec/hr
2) Transmission range: 104 km, assumes twice maximum
periapsis altitude of 5000 km based on two midcourse corrections
and thrust vectoring at bus slowdown.
3) Frequency: 1.55 kmc, see payload 9, 10, and 11 considerations.

4) From section 10, figure 205: RPTG = 30,2 dbw at 2. 0 kme

5) From section 10, figure 214: Antenna gain (2 x 9.5 db at 54
degrees beamwidth) +19. 0 dbw.

Pointing loss (2 x - 3db) -6.0 dbw
13,0 dbw

From section 10, figure210:net gain in power due

to selection of 1.55 kmc +2.2 db
Total antenna gain +15.2 db

6) Net power required for transmission:

RPT = RPTG - total antenna gain
RPT =30.2-15.2 = 15.0 dbw
Pt
10 loglo = 15. 0 de
RPT = 31. 6 watts.
-8-
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7) Using efficiency quoted at 2.295 kmc as applicable at t.55 kmc,
consumed power = 3,0 gPt or 3.0 x 31,6 equals 94. 8 watts.

b. Direct Link--Payloads 9, 10, 11, and 15

1) Assume B =7 bps

range = 200 x 106 km
= 2. 295 kmc

2) From section 10, figure2l1l:pPTG = 12.8 dbw at 5-cps band-
width for G =1 (0.0 db = G) :

The slot antenna was assumed to have an on-axis gain of +2.5
db. A pointing loss of -2.5 db was assumed to exist at 100
degrees off-axis, Earth-look angle. Thus the net antenna gain
G=+2.5 -2.5=0.0db = G, and therefore RPT= 12.8 dbw = 19,1
watts, the transmitter RF power required.

3) At 2.295 kmec, consumed power = 3.0 gPyp or 3.0 x 19.1 equals
57.3 w. ' :

1.1.2 Power Usage for Payloads 9, 10, 11, and 15

To accommodate the selected scientific, communication, and data handling
requirements established for each of these payloads, a power usage break-
down was calculated to establish the weight and volume required for the
power supply subsystems. The summary of these calculations is shown

in tables 6 through 9,

1.1.3 Weight and Volume for Payloads 9, 10, 11, and 15

Once the power supply weight and volume determination was completed,

these inputs were added to the weight and volume figures selected from the
scientific data lists (volume II--Systems) and the communication and data
subsystems parametric analysis, section 10, to complete the payload package
weight and volume tabulations shown in tables 10 through 13.

1.1.4 Payload 16 Synthesis

The final conceptual design payload requirements established scientific in-
struments for various phases of the lander operation based on the following
JPL objectives:

1. Demonstrate capability of successful landing and survival for
several hours
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2. Successfully perform a simple biological experiment on the surface
for a period of 5 hours.

Avco RAD added the objective to obtain data in support of future missions.

A detailed analysis is presented herein for the concept selected to accomplish
the above objectives utilizing a representative communication system approach
to store and appropriately transmit the data collected during the mission.

Within the brief conceptual design study ground rules, it was not expected
that total subsystem optimization could be attained. For instance, further
investigations have shown several alternate combinations such as reduction
of RF power requirements by reduced data bit rates and/or reduced hard-
ware requirement through RF switching which should be pursued in the
preliminary design phase. Also the design presented herein assumes all
of the worst case conditions of trajectory geometry and antenna pattern,
Analysis of the instrumentation data bit requirements has shown them to be
extremely conservative. Such factors as these, when more thoroughly
optimized, will reduce the selected communication system power and com-
plexity considerably, as discussed more thoroughly in section 10.8.

a. Systems Approach

The lander mission was divided into three phases after lander-flyby/bus
separation:

1) Separation to entry
2) Entry to impact
3) Post-impact {(on surface).

Scientific and engineering data requirements (listed in volume III,
section 2.0 and volume II, section 2.3) established the type of scientific
instruments and engineering instrumentation. Particular scientific
instruments were selected to accomplish the data requirements. Total
bits of data output from each phase of the mission were tabulated and
traded off with the available time for data transmission during each
phase of the mission to establish a transmitter bit rate. Data storage
versus real time playout was factored into the playout time availability.
Transmitter warmup and acquisition tradeoffs versus bandwidth were
adjusted to maximize data transmission. The influence of lander trans-
mitter frequency (relating to antenna size) versus bus relay receiver
and DSIF command loop compatibility were considered, resulting in the
selection of all the systems operating at DSIF frequency at an over-all
reduced weight and complexity of the spacecraft system.
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The combined design implementation of the above restraints with the
trajectory geometry, established the RF power for each phase of the
communication system selection. In case of subsystem malfunction
during landing entry and descent,data should be piayed out prior to impact.

This requirement resulted in very high RF power for the 2-minute period
of time to play out the large amount of accumulated entry and descent
data, while descending on the main chute. The playout time for the
separation to entry and on the planet surface is measured in hours;
therefore bit rates can be kept low and RF power is reduced accordingly.
Hence two separate systems were considered necessary.

For the selected concept the lander communication system operates via
a relay link to the flyby/bus for all three phases of post-separation.

In addition, a direct link system also transmits the required data during
the post-impact phase, In selecting the total lander communication
package, those systems which operate prior to impact were packaged
external to the protected payload. Wherever possible, common elements
were used without the use of any RF switching devices.

It was determined that the entry to impact phase operation required more
than three times more RF power than any other phase but for a short
operation time. Therefore, this link was designed independent of the
others. When considering the other phases, the direct link operating
during post-impact required the most RF power. Therefore, the

other two relay systems (separation to entry and on surface) were selected
at the same power resulting in a large performance margin during these
phases. Section 10-7 shows the details of the communication and power
systems conceptual design, compatible with the following payload synthesis.

b. Relay Link -- Entry to Impact Phase

1) Subsystem utilization

During atmospheric entry, data are recorded concerning the
temperatures, pressures, and accelerations sensed by the lander.
There stored data are then played back to the flyby/bus during
main parachute descent via a 2.295-kmc relay link, Additional
atmospheric data taken during main chute descent are also played
out in real time (or with buffer storage, as required)., Table 14
showv s the geometry at atmospheric entry assumed for communi-
cation link design.

-19-
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2) Subsystem selection

From table 14 the communication systems were sized as follows:

a) Flyby/bus antenna (on flyby/bus gimballed payload plat-
form, aimed along local vertical to planet)

1  Antenna type | Horn

2  Antenna frequency 2.295 kmc
3 B’eamwidth (at -3 db points) 34°

4  Slant range (see look angle at entry

in table 14) <75, 000 km

5  Look angle (from local vertical at
bus to lander impact site, table 14) 1.43

6  Bus antenna total gain (section 10,
figure 215) +13.2 db

b) Lander antenna (on lander, external to impact protected
package, aimed along local planet vertical)

1  Antenna type Horn
2 Antenna frequepcy . 2.295 kmc
3 Beamwidth (at -3 db points) 74°
4 Look angle (lander to bus, table 14) 33.12°
5 Assumed parachute sway ang.le {max) +10°
6 Tota;l anténna. look angle 43,12°
.7 Total antenna gain (sectioﬁ 10,
figure 215) +2,8 db
c) Net antenna gain (both antennas) "G" +16.0 ddb

d) Total data bits (to be transmitted)
(Volume 1I, section 2. 3) : 9165
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e) Main parachute descent time, i.e.,
transmission time (min., for yg= -90°, "H"

atm, m/CpA = 0,244) 110 seconds
f)  Total acquisition time (carrier + synch.) ~10.0 sec.
g) Data transmission time (110 - 10) 100, 0 sec.

h) Bit rate (two total data bit transmissions) 184 bps

i) Transmitter power/net antenna gain

product "PTG" (at 75, 000 km at 2. 295 kmc) 35,45 dbw
j)  Required transmitter power

(PT= RPT - G=35.45 - 16.0) 19. 45 dbw
From dbw =10 1log ;3 Pp/W 88.10 watts

Use 90-watt transmitter RF power.
‘c, Direct Link -- Post-Impact Phase
After landing, data generated by the lander scientific instruments and
engineering diagnostic information are collected from the lander sub-
systems. In addition, the information generated during the entry-to-

impact phase has been stored and is transmitted with the landed data.

1) Communications range:

176.2 x 108 km for arrival on 2 November 69 (worst case in
selected launch window; all other arrival dates have a shorter
communications range).

2) Impact point:

20 degrees North latitude, 280,4 degrees longitude--selection
based on 3-sigma dispersion for 150-km tracking error of

3 x 3,25 degrees = 9,70 degrees latitude dispersion and 3 x 3. 20
degrees = 9,60 degrees longitude dispersion about an aim impact
point of 10 degrees N,latitude and 290 degrees longitude (Syrtis
Major). See figure 31, Volume I

3) Earth elevation above Martian.equator:

13,2 degrees S. latitude--worst angle possible during launch
window,
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4) Look angle to Earth:

56 degrees maximum, 33 degrees minimum, during mission with
entry at a longitude corresponding to 0. 75 hour after sunrise
assuming zero time for descent (worst case).

5) Transmitting horn antenna beamwidth:

74 degrees at a 56 degree Earth look angle (limit or horn
ability).

6) Antenna gain: (section 10, figure 18).

Look angle 56 degrees = -0.8 db "G"
7) Transmitter power - pPT:

a) Select 11.5 bps, multiple of 184 bps selected for descent
link,

b) Then from section 10, figure 211, pPp = 24.54 watts.

c) Therefore, 30.0 watts was selected to add design per-
formance margin,

d. Relay Link Post-Impact Phase

This link is the backup to the direct link for those data to be trans-
mitted after impact. Parametric analysis showed that the system

designed for the direct link would also accomplish the relay trans-
mission with extra margin (ref. section 3.0 and 10. 0), Therefore,
the post-impact phase communication is accomplished through two

modes using a single system.

An analysis was made of the look angles from the lander back to the
flyby/bus, which was found to vary from 27,68 degrees N, latitude to
39,79 degrees N, latitude. The minimum flyby/bus trajectory inclina-
tion is limited to the same value. Assuming a nominal minimum
inclination range of 40 to 45 degrees to allow for the window effect,
and with a 900 ft/sec bus slowdown, for a nominal 106 km separation
distance, table 15 was prepared.

e. Relay Link -- Separation-to-Entry Phase

The separation to entry phase of relay communication will be accom-
plished by a system similar to the direct/relay system selected for

=23
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TABLE 15

RELAY COMMUNICATION -- POST-IMPACT LINK

Margin for relay to bus link (db) "~ - o
o ¢ o N ¢ 9
— [N ] — N
13 o o
DPT (watts) c 8 o o &S 9
o o (2] Laal (2]
Direct communication selection
® © ® o
G (dbw) ¥ ¥ ¢ ¢ ¥ «
— -t — et
e~ o o0 @ ~ —
RPT (watts) | & 1 5 & L S
Required RPT at 2.295 kmc
and B =11.5
A
© © w v ~ «
G (dbw) P O B
1 —
1
© o W o ©
Total gain both antennas (db) EN © ¥ =~ = o
N N N o
34-deg beamwidth total gain ant, (db) (section 10, figure 215) T T S
8 5 R 3
Look-angle bus antenna C; to Lander (degrees) 5o . N o
' w ¥ w0~ ©
74-deg beamwidth antenna, totalgain (db) (section10, figure 215) s 4+ 4 & <
5 8 2§ % 8
Communications range (km) 2 2 05 2 3 =
~ (2] - ~ Lal -
’ © L] o L] ° °
Look angle to bus from landed antenna Cp along local vertical 5 v o9 8 5 2
at impact point o o~ 3: M N N
-t [V ] ~ (]
LR R
: © © © o o
Periapsis altitude (km) S 2 2 2 <€ =
Time from entry (hr) © ®m n o ®m
©o o o
Entry trajectory inclination (degrees) U
© © © o o
Initial intercept latitude (degrees North) 2 2 2 ¥ ¢ S
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the post-impact phase, except for the antenna selection. The 30 watts
of RF power available are more than adequate to transmit from a low-
gain, wide-angle, slot antenna because of the short communication
range, View angle constraints between the flyby/bus and lander after
separation required the slot antenna to be located on the forebody.

See section 10, 7, 3 for details of the slot antenna.

f. Payload 16 -- Weight and Volume

In synthesizing the lander payload, those scientific instruments and
communications subsystems elements used from separation to impact
were located external to the landed package except for the accelero-
meters mounted in the payload sphere at the center of gravity. The
single-package power subsystem required for all phases of the mission
is also located within the landed package. Weight and volume tabulates
shown on table 16 were based on scientific instruments, communica-
tions, power, and data subsystems selected from appropriate sections
of this volume. The total internal payload (landed) weight is 86,3
pounds, and the total external payload (pre-eéntry and descent) weight
is 41.1 pounds, for a total lander payload weight of 127.4 pounds,

-25.



TABLE 16

PAYLOAD i6--WEIGHT AND VOLUME
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Nominal No. Incl. Final Total
Subsystem Item Reference Weight Volume Number Redun- Weight Volume
{ 1b) {in. 3) Necessary dants (Ibs) (in. 3)
Science Pressure Sensor Section 3 0.3 4 1 1 0.3 4
Radioisotope Table 23 6.0 204 1 1 6.0 204
Growth Detec~
tor
Anemometer 1.0 19 1 1 1.0 19
Accelerometers 0.4 10 3 3 1.2 30
Subtotal 8.5 257
Communications Power Amplifier Section 10 5.8 115 1 2 11.6 230
Landed Relay/ Exciter Table 52
Direct 34-Inch Horn 4.5 78 1 ra 9.0 156
Antenna 1.6 80 1 1 1.6 80
Subtotal 22.2 166
Power Battery Section 10 25.3 194 1 1 25.3 194
Table 56
Data Handling Section 10 7.0 120 1 1 7.0 120
Storage Table 56 8.3 100 1 1 8.3 100
(12, 000 bits)
Programming 4.0 60 1 2 8.0 120
Subtotal 23.3 340
Miscellancous Cables Section 10 3.0 --- 1 1 3.0
Eng. Instruments Table 52 2.0 .- 1 1 2.0
Diagnostic Instru-
ments 2.0 .- ] 1 2.0
Subtotal 7.0
Total Internal 86.3 1257
Scicnce Radiomcter Section 3 1.5 24 1 1 1.5 24 H
Pressurc Sensor Table 23 0.3 4 3 3 0.9 i2
Temp, Sensor 0.3 2 3 3 0.9 o i
Seience Suhaystem Total 13 42 ;
Communications ’
Preentry Power amplifier Section 10 5.8 115 1 1 5.8 s '
Relay Exciter Table 52 4.5 78 1 1 4.5 78 i
Slot Antenna 4.0 300 1 1 4.0 300 |
Communications Subsystem Total 14.3 493 !
|
Descent Power amplifier Section 10 9.4 145 1 1 9.4 145 |
Relay Exciter Table 52 4.5 78 1 1 4.5 ™ |
3.84" Horn Ant. 1.6 80 1 [ 1.6 %0 '
Descent Relay Subsystem Towal 15.5 0 l
Misccliancous
Cabling Section 10 4.0 -— 1 1 4.0 - .
Eng. Instrument Table 52 2.0 .- 1 1 2.0 P, i
Eng. Diognostic 2.0 .- 1 1 2.0 cee l
; 8.0 -
! . Total External 41.1 R38 ~|
+
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_l .2 PAYLOAD RELIABILITY ANALYSIS
1.2.1 Introduction

During the parametric evaluation phase, through the selection of the payload,
reliability efforis were concerned with the anaiysis of alternate design con-
cepts and mission approaches. In selecting a particular design concept or
mission approach from among several alternatives, such parameters as
performance, weight, power requirements, cost, volume, accuracy, infor-
mation yield, and reliability must be taken into consideration. Depending

on the concept or approach being analyzed, the pertinent parameters must
be evaluated and factored into a comprehensive systems analysis study of
the candidate alternatives. To this end, the purpose of the reliability anal-
yses was to support the overall selection process by providing the necessary
reliability inputs.

1.2.2  Analysis of Alternate Mission Payloads

The analysis was concerned with the evaluation of alternate mission pay-
loads to determine which of several being considered has the highest ex-
pected yield. Information obtainable from the lander mission can be class-
ified into the following data categories:

. a. Landing/survival data

b. Diagnostic data

c. VData for futux;e missions
d. Minimum biologicai data
e. Extended biological data.

A number of payloads were synthesized to acquire these data. However,
preliminary analyses reduced the number of prime candidates to five--pay-
loads 9, 10,11, 15, and 16. Consequently these five mission payloads were
subjected to a more detailed evaluation,

This evaluation required the development of mission reliability profiles
(from the point of lander separation) to show the success probabilities of
significant events occurring during the payload missions. These success
probabilities were integrated with relative (importance) values assigned to
the above data categories to determine the relative expected yield of each
payload.

The relative expected yield for a single launch attempt of alternate mission
payloads is summarized in table 17. A review of the results shown in this

®
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TABLE 17

RELATIVE EXPECTED YIELDS

SINGLE LAUNCH OF ALTERNATIVE PAYLOADS

RE-ORDER M.ly. 523

Percentage of Total

Data for Achieved
Payload [ Land fmd Diagnostic lf"utfu-e Mini.mum Exte.nded Total ( Expected x 100)
Number | Survive Data Missions Bio Bio Value Allocated
Allocated 22 3 1 26
9 56.6
Expected| 12.4 1.7 0.6 14.7
Allocated 22 3 2 25 52
10 55.4
Expected 12.3 1.7 1.1 13.7 28.8
Allocated 22 3 2 25 20 72
11 53.8
Expected 12.3 1.7 1.1 13.1 10.5 38.7
Allocated 22 3 30 25 80
15 54. 4
Expected| 12.1 1.6 16. 4 13.4 43,5
Allocated 22 3 25 25 75
16 54.4
Expected| 12.1 1.6 13.7 13.4 40.8

Expected Yield = (Allocated Event Value) x (Event Success Probability)
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table reveals that payload 9 returns the highest percent of its total allocated
value (56.6 percent), followed in order by payloads 10, 16, 15, and 11. How-
ever the spread in percentage between payloads 9 and 11 is only 2.8 percent,
indicating that no appreciable difference exists between payloads. Interms
of expected yield, payload 15 has the highest yield (43.5), followed in de-
scending order by paylecads 14, 11, 10, and 9, A closer examination of the
expected yields for payloads 16, 11, 10, and 9 shows that these payloadshave
yields which range from approximately 9/10 to 1/3 of that expected from
payload 15. On this basis, payload 15 very definitely is the most superior
payload, since it can be expected to result in the highese expected yield.

The total expected yields from a single launch attempt were extrapolated to
the case of multilaunches, specifically two and three attempts. As the bar
chart of figure 1 shows, the use of multilaunches has a significant effect in
increasing the expected yields for all payloads.

1.2.3 Conclusion

The value of these analyses lies in the methods used by reliability personnel,
independent of the remainder of the project study group. The reliability re-
commendations are, thus, free of the bias sometimes associated with con-
ceptual design selections; i.e., the systems designer might choose, as the
most reliable, a concept or approach which is superior for other reasons,
but not necessarily reliability. On the other hand, as pointed out in the
Introduction, many parameters other than reliability must be evaluated be-
fore a final choice can be made. Consequently, the design concepts and
mission approaches recommended on the basis of reliability may not always
be the concept or approach selected for the conceptual design.

1.3 VEHICLE ANALYSIS

Presented herein is a series of summary parametrics which were generated from
the parametric results for specific design conditions. These design conditions
were established for the mission objectives defined by payloads 9, 10, 11, 15

and 16 analyzed in section 1.1 -- Payload Analysis. It will be determined in this
section what lander diameter, descent system, impact system, and entry weight
is required for each of these payloads. Certain design requirements established
in the parametric study by subsystem optimization or tradeoff evaluation will be
used. These requirements will be called out and referenced as the analysis
proceeds,

Only the summary curves will be presented for mission objectives associated
with payloads 9, 10, 11, and 15. A detailed discussion and step-by-step cal-
culation of vehicle analysis associated with payload 16 will be presented.

1.3.1 Mission Payload 9

Since the mission objective of payload 9 is a land and survive approach and
not a biological mission, it was felt that the equipment associated with this
payload could be hardened for high g impact levels ( ~ 6000). Therefore,
only a balsawood impact attenuator was investigated (see section 8.0)., Also
the possibility of higher impact velocities was explored by considering
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different descent systems: two-chute systems, single-chute (drogue only),
and no chutes at all. In all cases, however, the 200 ft/sec wind velocity
(basic ground rule) was root mean squared with the vertical descent velocity

to arrive at the impact velocity. Other design conditions established for

this analysis are presented in table 18, Note that the entry angle for this
mission is y = 45 degrees. This results from relaxing the separation angle

at flyby/bus-lander separation to remove the slowdown maneuver for relay
communication, since the landing location is not a constraint. The 3o dis-
persion associated with this entry angle is +17 degrees (see Systems--volume
II, section 3.2). Coupling all of these conditions together and employing the

optimization analysis for m/CpA values and descent velocities, figure 2 was
generated.

Notice in figure 2, that there is a small difference in available internal weight
(payload plus structure, and so forth) realized between two- or single-chute
systems. This is primarily because the 200 ft/sec wind component largely
affects the RMS value of the impact velocity, i.e., 210 ft/sec compared to
250 ft/sec. Had the 200 ft/sec wind velocity been neglected, one would have
observed much larger available weight differences.

The no-chute system design has two significant criticisms compared to the
chute system:

a. Them/CpA opt required to decelerate the lander to a reasonable
impact velocity (resulting in an optimization with the impact attenuator)
is extremely low -- 0.165,

b. The g levelassociatedwiththis designistwice that ofthe chute systems,

The low m/CDA value produces large heat shield system and impact attenuator
weights, thus significantly reducing the available internal weight,

Now considering paylead 9, which is 95 pounds, the required internal weight
can be established by adding in the structural, thermal control, and bracketry
weights, It was assumed by engineering estimate that this weight would be
approximately 40 percent of the payload weight, or 38 pounds. Hence the
total required internal weight is 133 pounds. Projecting this value on fig--
ure 2, the required lander diameter can be determined. It is evident that

a no-chute system is not applicable in the study when considering the maxi-
mum available diameter constraint of the Surveyor shroud with the flyby/bus.
This is illustrated in figure 3, where only the two-chute design is presented
with the entry weight,

1.3.2 Mission Payloads 10, 11, and 15

In the mission objectives for these payloads, simple biological experiments
are performed. This has two significant impacts on the lander design:

a. The landing site must be in an area of possible growth (Syrtis Major).

b. The instruments are quite fragile, thus requiring low impact g

-3] -
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TABLE 18

PAYLOAD 9--VEHICLE DESIGN CRITERIA

Shape: Apollo

Heat Shield System; (2) Forebody - Avco 5026 Aluminum H/C
(b) Afterbody - Beryllium

Entry Conditions: ‘ Y =*-45deg nom., +17 deg, 3¢ dispersion
e = 179 deg

Spin = Pitch = 0.0

21, 500 ft/sec

<
tr
1]

Descent Systems:

—

Drogue - '""Hyperfio" at M = 2.5
ZatM =2,5= 10,000 feet

2-chute system Main - "Ring Sail"at M = 0.8

Zat M =0.8 = 5000 feet

Vdescent = 65 ft/ sec (opt)

1-chute system —Drogue - "Hyperflo" at M = 2.5
ZatM=2.5=10,000 feet

Vdescent = 150 ft/sec

Impact System - - r‘.Attenuator - Aluminum Honeycomb
System A Impact g - 1500 g
Impact Velocity - 210 ft/sec (opt)

Attenuator - Balsa wood
System B Impact g - 3500 to 6400 g
L_.Impact Velocity - 250 ft/sec (opt)
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The first condition predicts the entry angle, which is approximately YE =

70 deg nom. For this analysis o = 94 deg was used as predicted by lander
separation, where no despin is applied. All other entry conditions will be
exactly the same as in table 18. The second condition, low impact g, re-
stricts the impact attenuation to aluminum honeycomb, which results in
approximately 1500 g's (see section 8.0). However, balsa wood was eval-
uated to show the influence on the available internal weight. Here again two-
chute and single-chute systems were investigated for possible fail-safe de-
sign considerations. The results of the analysis are plotted in figure 4.

Several significant features are present on figure 4. The first is, as stated
previously, the small difference between the two-chute and single-chute
system, in particular for balsawood attenuators. This is due primarily to
two reasons:

a. Small difference in actual impact velocity due to horizontal wind
component

b. The high efficiency of balsawood.

With aluminum honeycomb this difference is more pronounced due to its low
efficiency as an impact material and the restriction to 1500 g's. The use
of a single-chute has two bad features:

a. The drogue chute becomes too large (~ 40 feet in diameter), which
is beyond the state-of-art of parachutes deployed at M = 2.5

b. It does not provide a simple system for jettisoning the heat shield
system.

Both features have good arguments for not considering single-chute systems
in Mars landers, and hence they were not considered in the conceptual design
selection.

Proceeding now to the payloads 10, 11, and 15, a required internal weight can
be estimated. From section l.1l.3 we find payload 10 is 115.1 pounds, pay-
load 11 is 156.5 pounds, and payload 15 is 191.4 pounds. Now applying a
factor of 1.4 to these weights to account for structure, etc., we arrive at
the required internal weights for these missions; payload 10 is 161.1 pounds,
payload 11is 219.1 pounds, and payload 15 is 268.0 pounds. Crossplotting
these internal weights on figure 4, the required lander diameters can be
obtained. It is interesting to note that it requires an additional 15- to 20-
inch of lander diameter to restrict the g level to 1500 as compared to 3500.
Also noted on figure 4, is that only payload 10 is within the maximum lander
diameter constraint of 85 inches, (without modifications to the Surveyor
shroud). This is noted more clearly on figure 5, where now the entryweight
has been added. Only the two-chute system and aluminum honeycomb atten-
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uator are represented on figure 5, since they show the final conceptual de-
sign selection for the reasons stated above. Also shown on the figure is the
maximum lander launch weight of 430 pounds which is constrained by the
weight of the flyby/bus ¢~816 pounds) and separation system (~94 pounds i.e.,
sterilization shroud,propulsion and fittings), coupled with the maximum
launch weight of 1340 pounds (zero floxed) for the launch window under con-
sideration (Systems, volume 1I, section 3. 1). Using this restriction, the
maximum lander diameter would be 78 inches, considerably less than what

is required for payloads 10,11, and 15. Hence floxing is required for per-
formance of the mission objectives of these payloads.

1.3.3 Conceptual Design Mission, Payload 16

The conceptual design payload, as synthesized in section 1.1.4, consists of
essentially two separate payloads--a descent payload (including pre-entry
communication system) and a landed payload. However, in order to pursue
the available internal weight analysis independently, the payload is consid-
ered as one system and adjustments are made to the descent payload, so
that the required internal weight can be obtained. The design requirements
for the conceptual design are defined in section 1. 1.4 and summarized in
section 1.4.0. Using these requirements, an available internal weight
curve was generated (figure 6) similar to the preceding curve. On this
figure, however, three mainchute deployment altitudes were considered to
determine the effect on internal weight. It is evident that going to a lower
deployment altitude increases the available internal weight but decreases the
descent time significantly. From the communication payload synthesis
(section 1.1.4), along descent time (~100 sec) was required in order not
to overpenalize the payload weight. Hence the 8000-foot altitude was se-
lected as a compromise and to ensure that the lander was at a high enough
altitude such that surface terrain (mountains) would not jeopardize the
mission,

To arrive at tlie required internal weight, the external (descent payload)
weight had to be adjusted to fit figure 6 terminology. Due to this, the de-
scent payload, 41.1 pounds (section 1. 1.4, table 11), was multiplied by the
ratio of impact attenuator mass to internal mass--0.41--which results in
16.8 pounds. Adding this value to the landed payload weight, 86. 3 pounds,
gives 103.2 pounds. Now the weight of the internal structure and associated
hardware must be accounted for. As before, 40 percent of the payload
weight is assumed for these weights. Hence the adjusted required internal
weight becomes 144.5 pounds. Crossplotting this value on figure 6 gives a
lander diameter of 90 inches and an entry weight of 500 pounds. This then
is the conceptual design selection about which more refined analysis will

be conducted in the following subsystem sections.
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Finally, in the following discussion a typical point will be evaluated in the
construction of figure 6. This illustrated example is intended to help the
reader in understanding the usage of the parametric data presented through-
out this report. The analysis is presented in a step-by-step approach show-
ing references to each result.

a. Ballistics Coefficient--m/CDA

From figure 28 of the Descent System Section (7.5) it is seen that the
optimum m/CpA for an 8000-foot main chute deployment is 0. 285 slug/
ft®. However, note thatthis result is for a particle trajectory neglect-
ing angle of attack effects. Hence it is necessary to realize a correct
m/CpHA based on the actual dynamic motions of the vehicle during entry.
From figure 14 in the Aerodynamic Performance Section (4. 3), we find
that a particle trajectory m/CpA of 0.285 at 14, 000 feet corresponds
to a dynamics m/CpA of 0. 244.

b. Entry Angle

A nominal entry angle between -66 degrees and -74 degrees was pre-
dicted by the selected launch window (see Systems, volume II, section
3.1). A 30 (£14 degrees) entry angle dispersion (Systems, volume II,
section 3.2) could result such that an entry angle spectrum of -52 to
-88 degrees would be possible. Thus the heat shield {ablator 5026
forebody, beryllium afterbody) will be designed for yg = -52 degrees,
while the substructure (aluminum honeycomb) will be designed for -88
degrees, since these conditions represent the worst-worst design.

In the same fashion the descent system will be designed for yp = -88
degrees.

c. Entry Weight (W)

Using an m/CDA = 0. 244, a lander diameter of 90 inches (selected to
show a single point calculation in the construction of an available pay-
load curve, figure 6) and a hypersonic C, = 1.45 (zero angle of attack),
the entry weight Wr will then equal 500 pounds.

d. Heat shield and Structure Weight

The heat shield is designed on the shallowest possible entry angle of
-52 degrees, such that from figure 56 we note by interpolation that the
total weight fraction is 0.130, resulting in 65.5 pounds of heat shield.
This weight includes 5026 ablator around the entire vehicle except for
the afterbody, which utilizes beryllium.
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‘'he structure is designed on the steepest possible entry angle of 90
degrees; hence from figure 57 we note that structure weight fraction
is 0.130. such that the structural weight (aluminum hecneycomb on the

nosc and toroidal sections) is 66.7 pounds. The combined heat shield
and structure weight is 132. 5 pounds.

e. Drogue Chute Weight (Wp)

From figure 85 of the Descent System section we note that a drogue area
over vehicle area ratio of 6.2 is necessary to decelerate the lander to
Mach 0.8 at 8000 feet. Note that this point is at an m/CpA of 0. 285
particle trajectory which must be adjusted for m/CDA = 0.244 to achieve
the same drogue chute performance; hence Ap/Ay must be multiplied
by the ratio of m/CpA's. Thus Ap/Ay now is 6.2 (0.86) = 5.3, Based
on a 90-inch vehicle and a parametric tool that the weight of the drogue
system is 0.11 times the area of the drogue (Wp = 0.11 Ap), we find

the drogue system weight to be 25.0 pounds.

f. Main Chute Weight and/or (ApMC/WS)

Based on a tradeoff between main chute system weight and impact
attenuation weight, it was established that 65 ft/sec was an opti-
mum impact velocity (see section 8.4,3). At this point we see on
figure 95 in the Descent System section that Ayfc/Wg is 6.2. Once
the suspended weight on the main chute is determined, then the
main chute weight can be established noting that Wyne is 0.013
times the area, i.e., Wyc = 0.013 Ay,

g. Suspended Weight, Wg

The suspended weight canbe calculated such that (see section 7. 0)

VE-Vy/s ~ V¢
Yme
Vs

Vg =

1 +

500 - 132.2 - 25.0
s = 1+ 6.2(0.013)

= 317.0 pounds

h. Available Internal Weight

The internal weight is the suspended weight minus the impact attenuation
system weight. The crushable material used for this design is aluminum
honeycomb. The vertical descent velocity is 65 ft/sec, and the horizontal
wind component is 200 ft/sec. Hence the design impact velocity is 210
ft/sec, resulting in 1500 impact g's. From figure 155 in the Impact
System section we find that for suspended weight of 317 pounds, the
payload weight is 145 pounds. Hence a single point has been established
for figure 6, which also resulted in the conceptual design point. The
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impact attenuator weight of 167 pounds is based on a packaging density
of 2 slug/ft2 and hence must be adjusted for the final design (see

scction 8.5.1).

The main chute descent time is a function of the main chute size, the
deployment altitude, and the suspended weight. Figure 94 of the
Descent System section presents descent times for the thinnest atmos -

phere (H model). Hence for 8000 feet and a ratio of 6.2 for AMC/WS,
we find the descent time to be 105 seconds.

1.4 System Désign Summary

To summarize the selected conceptual design and to aid in the discussion of

the forthcoming sections of this report, a complete list of pertinent system
requirements are presented in table 19. These requirements evolved out of
the analysis and defined mission objectives discussed in the previous sections
(1.1 and 1. 3). Other requirements evolved from parametric evaluations by
basic trade -off studies and optimization analyses. The requirements presented |
will be used, system by system, throughout this report in the final analysis

|
|
|
i. Main Chute Descent Time
|
|
|
|

of the conceptual design. A complete weight summary for the conceptual de -
sign is located in section 3. 4. :

TABLE 19
LANDER SYSTEM DESIGN SUMMARY
Configuration:
Entry Shape - Apollo (Modified Afterbody - 30 degrees) -- 90 in. dia.

Landed Shape - Spherical -- 43 in. dia.
Internal Shape - Spherical -- 15.5 in. dia.

3 slug/ft3 packaging density
Flotation system antenna erection

Entry Conditions:

Vg = 21,500 ft/sec

YE = 66 - 74 degrees nominal
ap = 179 degrees

Spin = Pitch = 0.0
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TABLE 19 (Cont'd)

W 516.5 1b

E

M/CpA = 0.25 slug/ft2
Heat Shield System:

Forebody - Ablator - '""Avco 5026"

BECROER Mo, £o- 57> 7

Aluminum Honeycomb Substructure

Afterbody - Beryllium (thin shell) heat sink

Descent System:

Drogue chute - "Hyperflo" - 17 ft. dia.
M = 2.5 nominal deployment
14,000 ft. min. altitude

Main chute - "Ringsail" - 50 ft, dia.
M = 0.8 nominal deployment
8000 ft. min. altitude

Impact System:
Impact attenuator - aluminum honeycomb
13 in. stroke
1500g - impact
210 ft/sec - impact velocity

Descent Payload:

Science

. Radiometer
Pressure
Temperature

Communication - Relay

Preentry
RF power - watts 30
Bit rate - bps 11.5
Total bits 1560
Antenna type Slot
Design range - km 75 x 103
Frequency - kmc 2,295
Playout time - sec 136

-43.

Descent

90

184

16330

Horn, 74. beamwidth
75 x 103

12,295

91
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TABLE 19 (Concl'd)

Landed Payload:
Science

5 hr. biological experiment

Surface pressure

Anemometer

Accelerometers (used during descent)
Surface temperature '

Communication - direct/relay combined

RF power - 30 watts

Bit rate -11.5 bps

Total bits -13161

Antenna - Horn 74 degrees beamwidth
Design range - 1.8 x 108 km

2.295 kmec
19 minutes

Frequency
Playout time

Power
NiCad battery 28v at 151. 8 watt-hr.
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2.0 SCIENTIFIC PAYLOAD

2.1 INSTRUMENTATION LIST

The Jet Propulsion Laboratory at the onset of the program furnished Avco RAD
with an instrumentation list to be used for the dcsign of scientific payloads. It
was deemed necessary to addananemometer, emission spectrograph, and a
six-channel radiometer in order to have greater flexibility in overall mission

objectives. The portion of the JPL list that is applicable to lander science is
found in table 20.

2,2 SELECTED INSTRUMENTATION

2,2,1 Generation of Payloads

During this current study, full advantage was taken of the extensive op-
timization and evaluation of instrumentation that was performed under a
prior Voyager study. Volume II of the Voyager study, Scientific Mission
Analysis (pages 167 through 192) gives a thorough treatment of the prob-
lem of instrumentation choice.

Table 21 was derived as a result of this approach and lists those instru-
ments determined by the evaluation procedure to be most useful in the
Advanced Mariner lander. These instruments were then used in the
parametric design of the many payloads studies.

Seven lander payloads were initially established (1 through 7, table 22),
with variations of the communications, instrumentation, and power systems
to accomplish several selected missions. These payload groupings (1-7)
satisfied ambitions mission objectives and were characterized by landed
lifetimes of from 12 to 48 hours duration and by mission total bit content

in excess of 1, 000, 000.

It was later determined that these mission and payload formulations were
too ambitions for the Advanced Mariner concept; therefore new payload
groupings were evolved which satisfied mission objectives ranging from
simple ''land and survive'' missions to missions of increasing reasonable
complexity (8 through 15, table 22).

Working toward the goal of the choice of a final conceptual design, four
payloads were more actively studied. Payload 9 was chosen to designate
a successful landing with notification of survival., The instrument chosen
was the simplest and yet furnished pressure data so important to future
flights. Payload 10 was chosen to furnish the same data obtained with
payload 9 with further information on wind speeds. A 5-hour biological
experiment was included to answer the prime scientific question: Does
life exist on Mars?
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Payload 11 was identical to payload 10 but had a 24-hour mission life.
Payload 15 was the most ambitions of the payloads studied. This payload
was in essence payload 10 with the addition of descent television. This
final payload was chosen by Avco as a serious candidate for the conceptual
design portion of this study.

Jet Propulsion Laboratory felt that the descent TV experiment added
unacceptable complexities and legislated against it. An atmospheric comp-
osition experiment was substituted which was to acquire and transmit its
data prior to impact. This is the basis of the formulation of payload 16.
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TABLE 22
ADVANCED MARINER PAYLOADS

Payload 1 - Instruments 1 through 8
Mission duration - 24 hours

Instrument weight - 45 1b
Total bits - 217, 900 direct
Total energy - 439 w-hr
Peak power - 30.27 w

Payload 2 - Instruments 1 through 8
Mission duration - 48 hours

Instrument weight - 45 1b
Total bits - 435, 800 direct
Total energy - 878 w-hr
Peak power - 30.27 w

Payload 3 - Instruments 1 through 8
and 11

Mission duration - 24 hours

Instrument weight - 62 1b
Total bits - 217, 900 direct

3.925 x 10° relay
Total energy = 422 w-hr
Peak power - 60,27 w

Payload 4 - Instruments 1 through 8
and 11
Mission duration - 48 hours

Instrument weight - 62 1b

Total bits -~ 435, 800 direct
3.935 x 100 relay

Total energy -~ 881 w=-hr

Peak power - 60,27 w

Payload 5 - Instruments 3 through 7,
9, 10, and 11 .
Mission duration - 2.5 hours

Instrument weight - 81 1b
Total bits - 5,451, 314 relay
Total energy 177. 3 w-hr
Peak power - 151 w

a55a

Payload 6 - Instruments 1, 3 through
11
Mission duration - 24 hours

Instrument weight - 92 1b
Total Bits - 17, 900 direct

5. 445 x 10° relay
Total energy - 225 w=hr
Peak power - 157 w

Payload 7 - Instruments 1, 3 through
11
Mission duration - 48 hours

Instrument weight - 92 1b
Total bits - 35, 800 direct

5.445 x 10° relay
Total energy - 286 w-hr
Peak power = 157 w

Payload 8 - Instrument 7
Mission duration - 2 hours

Instrument weight - 0.3 1b
Total bits -~ 250 direct and relay
Total energy - 0.2 w-hr

Peak Power - 0.1 w

Paylcad 9 - Same as 8 plus
diagnostics (see next page)
Mission duration - 2 hours

Instrument weight = 1.3 1b

Total bits - 2,670 direct and relay
Total energy - 2.2 w=hr

Peak power = 0,1 w

Payload 10 - Instruments 5, 7, and
12

Mission duration = 5 hours

Instrument weight = 6.3 1b’
Total bits = 3,420 direct

2,670 relay
Total energy - 15,5 w=hr
Peak power = 3,1 w
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TABLE 22

ADVANCED MARINER PAYLOADS (Cont'd)

Payload 11 - Instruments 5, 7, 8, and Payload 15 - Instrument 6, 7, 8, 11

12 and 12

Mission duration - 24 hours Mission duration - 5 hours

Instrument weight - 10,3 1b ‘ Instrument weight - 30. 3 1b

Total bits - 9,000 direct Total bits - 12, 600 direct
2,670 relay 45.4 x 10° relay

Total Energy - 120.4 w-hr Total energy - 425 w-hr

Peak power - 5.1 w

Payload 12 - Instruments 3, 5, 7,
through 10, and 12
Mission duration - 24 hours

Instrument weight - 59, 3 1b
Total bits - 9.0 x 10> direct

1.5 x 10 relay
Total energy - 292. 4 w-hr
Peak Power - 121.1 w

Payload 13 - Instruments 3, 5, 7,
through 12
Mission duration - 24 hours

Instrument weight - 76. 3 1b
Total bits - 9.0 x 103 direct

5.45 x 106 relay
Total energy - 295. 4 w<hr
Peak power - 121.1 w

Payload 14 - Instruments 1, 3, through
10, and 12
Mission Duration - 24 hours

Instrument weight - 72. 6 1b
Total bits - 21, 550 direct
1.5 x 106 relay
Total energy - 337 w-hr
Peak power - 129.5 w
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2.2.2 Conceptual Design Payload

Payload 16, used for the conceptual design, is divided into two packages:

1. A six-channel radiometer, pressure sensor, and temperature
sensor, are mounted external to the landed package. They function
during entry and are jettisoned along with the heat shield upon opening
of the parachute.

2. Located internal to the landed payload are pressure and tempera-
ture sensors,the Gulliver biological experiment, an anemometer, and
three single-axis accelerometers. All of these instruments function
after landing except the accelerometers, which operate during entry
and are packaged internally in order to place them on the c. g.

The anemometer, with the temperature sensor, is deployed external to
the package after landing. The ''sticky" string portion of the biological
experiment is fired to a distance of 25 feet from the vehicle, retrieved,
and thus furnishes samples for the experiment.

A functional description of the instrumentation of payload 16 follows:

‘ 1. During entry, the acquisition of atmospheric data is the prime
function of the science payload. A pressure sensor, a temperature
sensor, and the accelerometers will gather data to be used for the
computation of the density profile of the atmosphere.

A six-channel radiometer will be used to measure the chemical com-
position of the atmosphere. As its source of optical spectral data,

this instrument uses the shock-heated atmosphere behind the shock-
heated atmosphere behind the shock front in the stagnation point re-
gion. * Measurements of preselected emission bands will make possible
the quantitative determination of the ratios of carbon dioxide, nitrogen,
and argon. This determination of chemical composition will also be
used in the density calculation.

A three axis accelerometer package was chosen to measure the lander
performance from 1 g ascending on the g-pulse to drogue chute de-
ployment (~10 descending). Sampling rates of 4 samples/sec (from 1 g

to 10 g ascending) and 20 samples/sec (from 10 g ascending to chute
deployment) were used in the payload analysis to predict the lander dy-
namic and hence deduce pressure and density profiles, Later studies,
however, indicate that 1 sample/sec may be all that is necessary (through-
out the pulse) to predict these profiles and at least a three-axis accel-
erometer is required to deduce the density profiles, unless only the

—_——
* The use of shock layer spectroscopy for the determination of atmospheric composition was first suggested by A. Seiff,

‘ NASA TN D-1770.
-57.
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scale height is all that is desired. In this case only a peak g measure-
ment is required, since the lander angle of aitack at peak-g varies little
over a complete range of entry condition. A more detailed analysis of

the pressure and density profile determination is presented in appendix
C.

The determination of surface pressure and temperature can be accom-
plished directly with a pressure transducer. The difficulty of the task
is dependent on the knowledge of the vehicle's speed and dynamic mo-
tion prior to impact. For the conceptual design, where a parachute is
used, the descent velocity is sufficiently small such that a pressure
sensor located in the vicinity of the stagnation point indicates the atmos-
pheric pressure directly.

2. Once the lander has been anchored by the jettisoned crushable ma-
terial, the rotating cup anemometer is deployed on a small staff to which
is also attached the temperature sensor. Estimate of surface wind
speeds are so controversial today and are of such exceptional importance
to the engineering design of future Martian landings that inclusion of an
anemometer was considered essential,

Another controversial dimension is the atmospheric pressure exist-
ing on Mars. Thus the inclusion of a pressure sensor on the landed ve-
hicle was also considered a must.

The biological experiment chosen has a simple and easily accommodated
sample acquisition system. A ''sticky string" is fired or spring pro-
pelled from the vehicle and, when retrieved, deposits the adhered soil
in a complex culture medium tagged with cl4 atoms. The expectation

is that the metabolic cycle of viable organisms will liberate radioactive
carbon dioxide which will be measured in its gaseous stage by a Geiger
counter, thus giving evidence of activity and its attendant rate.

-58-
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3.0 DESIGN

Design studies of the lander were involved in generating the best functional
scheme to do the job established by the mission objectives. The design analy-
sis presented in this section will be centered around this task with primary
emphasis on subsystem integration and mecahnical systems designs. In order
to proceed on any one concept, several geometrical shape evaluations had to be
pursued. These evaluations involved many aspects from the design of the basic
landed package to the modification of the entry configuration. The first step in
the landed package configuration was to evaluate the desired shape from the
standpoint of the basic ground rule of complete passive protection at impact
under 200 ft/sec wind conditions and secondly, from the viewpoint of erection

of the landed antenna for relay and direct communication. These design studies
coupled with the impact system studies produced a spherical shape, employing
a flotation system for antenna erection, as the best approach for both the impact
attenuator and the landed payload. The next problem that faced the lander de-
sign studies was center of gravity control. Since the Apollo shape has a critical
center of gravity location (i.e., it is located close to the forebody) due to the
rearward entry center of pressure constraint, it became necessary to modify
the shape to relax this problem. Several modifications were analyzed and judged
on many arguments. A slight afterbody cone angle modification was determined
to be the most desirable solution to meet the c. g. constraint. :

Other design evaluations were conducted in conjunction with the above studies;
among these were the optimization of the antenna size, landed sphere size, and
landed weight. This study indicated that a low communication frequency for re-
lay produced too large an antenna, thus penalizing the size of the landed sphere
and hence lander c. g. location. The optimization study indicated that a frequency
slightly less than S-band frequency, using horn antennas, would be desirable
from the standpoint of communication weight and landed sphere size. Therefore,
since the direct link is S-band (DSIF requirements), it was apparent that the re-
lay link should also be S-band and thus eliminate one system completely. Fur-
ther analysis and discussion of these pertinent evaluations will be covered in
greater depth in the following text.

Finally, a complete description of the conceptual design was established with
working layouts. A preliminary weight summary is included showing one com-
plete iteration in design from conceptual design selection (using the parametric
analysis) to the final preliminary design (using a more rigorous approach, where
possible). Weights that were analyzed from design layouts (nonparametized) and
could not be included in the parametric study are also summarized.

3.1 LANDED SHAPE GENERATION

In the initial design studies the primary effort was devoted to the landed package
configuration and arrangement. Studies of many concepts were evaluated in con-

-59.
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junction with the impact system analysis, Several of these conccpts are pre-
sented in figure 7. Notice that in the first column only spherical shapes are
considered. In the impact system analysis the use of a spherical shape proved
to be the desirable approach from the standpoint of a low g level and impact at-
tenuator weight (reference Section 8.0). However, the other concepts presented
in figure 7 have interesting design features that could be exapnded on. The len-
ticular shape has one very good asset in that it affords a low (forward) center

of gravity location in the entry vehicle (more simply, it fits the shape very well).
This shape also is desirable after landing because the probability of landing on
one of the two blunt sides is very high, thus making the antenna erection problem
simpler. The tetrahedron concept also is very attractive as a landed configura-
tion. Its payload packaging and erectability are the significant design features.
The shape also will land on one of four sides and hence the antenna gimballing
problem becomes greatly reduced, in particular if erectable legs are part of the
design as illustrated in this figure. The other concepts have equally attractive
features of some sort or other but result in very complex impact dynamics and
hence were not pursued in the final parametric or conceptual design studies.

Once a landed configuration (i.e., a sphere) was selected, primarily through

the analysis conducted on the impact system (reference section 8. 0), the problem
arises of how to erect the communication antenna after impact. Before this can
be pursued to any great depth, the design requirements must be established.

The first approach to the communication system was to employ VHF f{frequency
(large antenna requirements) for the relay link. This frequency proved to be

the optimum approach for other design studies, in particular project Voyager,
where packaging volume was not the critical constraint and large antennas could
be handled. However, in the Advanced Mariner studies the packaging volume
(size) is a very critical constraint, and hence large antennas are prohibited. An
optimization study was conducted on the sphere size, considering a range of an-
tenna sizes (using both slot and horn antennas), and hence a range of frequencies.
The study showed that an antenna size or frequency slightly less than S-band (fre-
quency of the DSIF direct link) was optimum in size and a slightly larger antenna
was optimum in weight. This conclusion immediately led to the use of S-band
frequency for both relay and direct links, and hence removed one set of commun-~
ication systems hardware and added a redundant scheme, since both relay and
direct telecommunication can be sent out at the same bit rate and time. The re-
sulting antenna is a 4~in. horn,

It has been established that aluminum honeycomb material (of the available state-
of-the-art energy absorbers) best satisfies the impact attenuator design require-
ments (i.e., low impact g level, where 1500 is feasible). This, however, im-
poses a critical design requirement on the landed sphere, since aluminum is not
radio frequency transparent and hence must be jettisoned after impact. The jet-
tisoning procedure may very well include the erection technique utilized for an-
tenna deployment. Several erection schemes of this nature and others were eval-
uated to arrive at the reference erection method. These schemes, along with
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some of the pertinent arguments used in projecting the selected systems, are
presented in figure 8. -

The system

System 1 is simply deploying one half of the impact attenuator
ce the attenuator is

has many drawbacks in design philosophy. In the first pla
being used as the erection method; however, since it is used for impact, it may
be partially destroyed, and hence it is unlikely to be too useful in the erection
process. If a gimballing method can be designed (which seems unlikely), the
antenna would also have to be gimballed as well. This is due to the unknown
terrain, which would require a certain design criterion for terrain slope, say
30 degrees. Thus the antenna would require a 30-degree gimbal system, since
local vertical is very critical on communication power supply (due to a large db
loss in antenna pattern).

In system 2 the attenuator is jettisoned after impact, and the landed internal
sphere (payload package) is actuated into two halves. Here-again the design de-
pends on the terrain and hence requires that the antenna be gimballed as well.

It is also evident that two antennas are required to acquire the vertical direction
in the event that the two halves end up upside-down. This in turn produces a
large landed sphere and hence penalizes the lander (entry vehicle) center of
gravity location. Two operational sequences are required after impact: (1) jet-
tison of the attenuator and (2) actuation of the internal sphere. The latter oper-
ation is considered difficult due to the electrical wiring and switching (namely,
the antenna cabling) from one half to the other. In addition to the above critical
arguments, this concept would have very difficult thermal control requirements,
since now the internal payload will be exposed to the Martian surface environ-
ment (which is extremely cold). System 3 deploys just the antenna from the
landed sphere. It is obvious that a 360-degree gimballing scheme would be re-
quired for the antenna, which is most difficult (if not impossible) due to electrical
wiring. This system would require a rather large sphere and hence would produce
poor lander c.g. location, After impact certain scientific equipment must be
deployed (namely, the biological '"sticky string'). With the impact attenuator
still in place, the deployment method becomes very difficult,

In System 4 the attenuator is again used as the erection scheme by using spring-
loaded impact attenuator segments (like stripping an orange back in segments),
This system has the same objectionable features as described for System 1.
Here again the antenna must be gimballed as well, since its orientation depends
on the terrain. In addition to all of these arguments, it is felt that this scheme
is very complex and would require extensive development effort to prove relia-
bility.

The final system (number 5) is the selected design concept. The impact atten-
uator is jettisoned after impact and is used to stabilize the internal sphere by
means of elastic lines attached to each segment of attenuator. The exposed ,
sphere encases a flotation system of fluid and an inner sphere housing the payload
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and antenna system. This system allows for an excellent antenna gimballing
method, since it does not depend on surface terrain for erection. The antenna
itself is fixed to the inner sphere, thus making the sphere minimum size (large
packaging density), which in turn helps the lander c.g. control and minimizes
the aitenuator weight. One drawback of this concept is the deployment of the
scientific equipment, which must be deployed through the flotation shell. How-
ever, it is felt that by proper design, this drawback can easily be overcome as
will be described later.

3.2 LANDER SHAPE GENERATION

Once the landed configuration was established, the next problem in the genera-
tion of a conceptual design was to control the entry vehicle center of gravity.

Due to the large stroke requirement of the impact attenuator (~13 inches in the
conceptual design), it became apparent immediately that the lander c. g. using
the Apollo shape (which is <0. 19D) could not be met without some modifications
either in the Apollo shape or in the landed shape. An extensive evaluation was
conducted to determine which of many possible approaches was desirable. These
approaches are presented in figure 9 with the represented arguments used in the
evaluation.

The first approach would be to simply move the internal (i.e., weight inside

the impact attenuator) weight as close to the forebody of the lander as possible.
In configuration 1 two methods are propesed: (1) split the impact attenuator
into halves and at main chute deployment, retract the internal weight back into
the attenuator, then lock in place, and (2) remove a portion of the impact atten-
uator, thus reducing the stroke on one segment. Both approaches seemed very
complex. In the first approach the impact attenuator had to be locked back into
place around the internal weight, andin the second approach the landed package
had to be rotated at main chute deployment so that the shortened stroke segment
was at the top at impact, thus ensuring maximum stroke at initial impact. Con-
figurations 2, 3, and 4 involved modifications to the forebody. In 2 the landed
package was protruded out of the original contour, causing a bubble on the fore-
body. In 3a shallow cone was constructed about the landed package in place of
the spherical torebody. Both of these configurations presented a significant
decrease in aerodynarhic performance (~6 percent in Cp and Cmq) and hence
were dropped from consideration. The fourth configuration is similar to a
NASA Langley concept except for the afterbody. This concept employes a re-
verse curvature forebody, thus putting the substructure in tension, which will
decrease the structure weight since the structure can be operated at a much
higher stress level as compared to a blunt spherical cap, which is in compres-
sion under a buckling mode of failure. The aerodynamic performance of this
shape should greatly increase with only slight changes in the aerodynamic heat-
ing. The configuration was dropped due to lack of structural and aerodynamic
development. However, this shape looks promising for the future. In configura-
tion 5 a conical (15-degree) afterbody extension was added to move the c.g. back

-64-



REORDER Bo.so/-5-23

wTOYINOD ‘D *D YAANV T,
NOILV NIV AT NDISAA NOLLVINDIINOD AUINA 6 2andry

8v66-v9

0009 INISSIWOYd ¥00d 9INISSIWOY¥d ¥00d ¥00d 0009 NO0NO 38NN
I9NVHD NOILVNTVA3
S IAILDIYND A1LD3HVNN QIONVHD QIONVHD QINVHD IAILD344YND 1 HLIWYAVE NO 193443

@319344¥NN 06> < ETRETELT) SNOILIONOD A¥IN3
ISYIHINI ISYI0 ISYIHONI 35Y34030 ISYIUINI
AN ou Jouv1 I £IE L] oS oIS METRERRL LHOI3IM TYNYLONYLS
ISYIONI 3SYII3Q “ISYIINI ISYIIONI ISYIHONI ISVIHINI
1HOI1S 198v1 394V 1HOITS 1HO11S 1HO1S 03L9344¥YNN 1HI13M GI3tHS LV3H
ISYIIONI - ,
1HO17S Q3IA0YdWI QIA0HdWI 3O - ISYNI %0 JONYWY0443d JIWVNAQOYIY
uwnwﬁm_ %0 %0 uwﬂu%m_ ISYRONI ISYINONI %0 INILYIH D1 WVYNAQO¥ IV
%0 %0 %0 %0 %0 %0 X31dW0J - NOIS30 QVOIAYd TWNY NI
© | © ¥ | @ | @ €
NOILYY¥N91 INOD
0
A 9 S v € 2
« TONLNOD '9'0 HIANV
NOILVYNIVAI NOIS3a NOILVHNOIINOD AMLN3I

-65-




RE-ORDER Bo. £or- 525

(~1/2 \X extension). This extension, however, added significant weight (~10
percent) to the afterbody in the worst possible place. Even though the aerody-
namic performance imporved, it was fell that the weight loss to the afterbody
was too severe; hence the configuration was not pursued. Configuration 6 is
an Apolio shape with the afterbody completely removed. This is a drastic
modification to the Apollo shape but offers several significant features. Since
the afterbody is only utilized during rearward entry to turn the vehicle around
and actually hinders the aerodynamic performance after initial entry, then why
have it at all? The only critical objection is that the entry angle of attack must
be held below 90 degrees, - since the shape is stable backward. Lander flyby/bus
separation analysis indicated that this could not be met, and coupled with the
lack of aerodynamic test data, the configuration was dropped. However, the
future outlook for this configuration is very promising for Mars landers.

The final configuration (Number 7) was the selected approach for this conceptual
design. In this concept the after body cone angle was decreased slightly from

33 degrees (Apollo shape) to 30 degrees. This change allowed the center of pres-
sure location to move from 0.19 D to 0, 25D, giving sufficient static margin on
the center of gravity locations (in the conceptual design the c. g. is at 0. 21D).
Only a slight increase in the afterbody weight (~10 percent) was noted with a
slight increase in aerodynamic performance.

3.3 CONCEPTUAL DESIGN DESCRIPTION

In general, the lander configuration and pertinent design details are described
in figures 10 and 11. Other major dimensions and functional sequences are de-
scribed in the following text. Figure 10 presents the overall arrangement of
the lander in the entry configuration, whereas figure 11 presents the landed
sphere arrangement with particular emphasis on the internal sphere scientific
payload deployment and actuation devices. Most of the subsystems analysis
and description involved in making up the lander design have been established
in other sections of this report. It is the primary purpose of this section to
present briefly the conclusions of the subsystem design and to tie the complete
lander design together by covering those areas not specified elsewhere in the
general design description. In order to clarify the lander description and
weight summary, a chart is presented in figure 12, whichliststhe terminology
used throughout the lander report.

1. External-Configuration

Basically the lander is a scaled down Apollo shape 90 inches in diameter.
The afterbody is modified slightly by changing the cone angle from 33 de-
grees (Apollo) to 30 degrees. This modification was brought about by the
necessity for moving the lander center of gravity rearward as described in
the previous Section. The external configuration is composed of a fore-
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body heat shield system and an afterbody heat shield system. In the fore-

body design the heat shield system consists of a high temperature charring
ablator (Avco 5026) and an aluminum honeycomb (sandwich) substructure.

The ablator is 0.23 inch thick at the stagnation point, and the substructure

is 1. 25 inches thick (i.e., the core) with 0, 0l1l-inch face sheets, except

in local concentrations around ring locations. A ring is embedded in the
forebody at the location of and for mounting of the landed sphere support

ring. This ring also supports the separation joints for lander tie-down to

the flyby/bus (at three locations, view N-N of figures 10 and 11). Thermal
expansion joints are required on the forebody at two locations: at the sup-

port ring and at the afterbody interface. These thermal expansion joints
provide a twofold purpose: (1) they supply thermal expansion growth cap-
ability due to both space and entry thermal sterilization and (2) they supply
expansion growth capability due to both space and entry thermal environ-
ments. Thefirstwasnecessary since the time constant of the lander is ve ry highand
hence the sterilizationprocess could require an extended time which could be detri-
mental to the function sequence if expansion growth is not provided. Inthe lattercase
the temperature gradientsaround the lander under both of these environments, in
particular, entry, could resultin significant expansion incompatibilities, particu-
larly between the afterbody and forebody. To reduce the discontinuity stresses due
to these incompatibilities, thermal expansionis required.

Also included in the forebody construction are three pressure port holes
located symmetrically about the center of the forebody. These pressure
intakes are fed back to the landed sphere support ring to the pressure
transducer. Located approximetly 5 degrees off the center line of the fore-
body is the multichannel radiometer, used during the peak heating pulse

to determine atmospheric composition. Details of this instrument are de-
fined in section K-K of figure 10.

At the stagnation point on the forebody the main propulsion unit is mounted.
This unit is strapped to the forebody by a cable around three symmetrical
mating mounting pads on the forebody and propulsion unit (See detail M-M of
figures 10 and 11).

The remaining equipment mounted to the forebody is the pre-entry commun-
ication system. It consists of a 2-inch slot antenna embedded into the fore-
body and flush with the outer surface (see detail K-K). Adjacent to the an-
tenna are mounted the communication power amplifier and exciter.

The afterbody design is a beryllium thin-skin shell (hot structure design)
with two rings and four longeron stiffeners (so called semimonocoque). The
rings are made integral with the skin construction; however, the longerons
are insulated from the skin, since they must be capable of reacting the high
snatch loads at drogue chute openings. Since they are insulated, thermal
expansions also must be provided to reduce thermal stresses., Beryllium
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can only be manufactured in 3 x 8 foot sheets (present state-of-the-art);
hence the afterbody skin is spliced at eight points (four of which are at the
longerons). On one longeron the drogue chute mortar canister is mounted.
Embedded in this longeron and well insulated is the drogue chute riser line,
At drogue deployment the line is ripped out by the opening loads and attached
to the end of 2 (or possibly 4) of the longerons. An aft cap is kicked off at

drogue deployment, thus exposing the attachment points.

The main chute canister is also mounted to the afterbody (note that the main
chute rests on the forebody and is not attached to the canister). At the time
of main chute deployment the afterbody is cut loose by a linear shaped charge
at the forebody-afterbody interface ring, thus deploying the main chute. This
is best seen by the operation sequence presented in figure 13 (Ref. section
2.3.3.).

2. Internal Confi guration

The internal configuration is primarily composed of the landed sphere and
the landed sphere support ring (excluding the parachute system, pre-entry
communication system, and radiometer). The landed sphere support ring
is a short truncated cone. In addition to supporting the landed sphere the
ring also supports the descent payload communication system and science
except for the descent communication antenna (a 4-inch horn), which is
mounted on the main parachute harness. The support ring incorporates two
release systems: (1) forebody release at main chute deployment and (2) the
support ring release system. Both systems are similar in that they use a
cable strap technique with simple cable cutters. Each system is armed with
three cable cutters, of which any given one will cause release; hence com-
plete redundancy is obtained. The main parachute is attached to the landed
sphere by a 6-lead bridle harness strapped around the sphere and secured
by a single cable release system exactly the same as the support ring re-
lease systems. Elastic cords are stretched around the top of the sphere,
so that at the harness release (initiated at impact by an impact fuse) the
harness is jettisoned clear of the landed sphere,

The landed sphere is 43 inches in diameter and consists of an impact atten-
uator and an internal sphere (housing the landed payload). The impact atten-
uator is primarily aluminum honeycomb core (5052 1/8 cell - 4.5 1b/ft3,

see section 8.5.1) constructed of 14 segments with a thin fiberglass cover
on the outside and a thin fiberglass shell on the inside. The fiberglass cover
tends to support the honeycomb segments during fabrication and impact (by
overlapping grooves). The intershell is used to fasten the assembly to the
internal sphere and provide the separation system after impact. Separation
of the attenuator (required, since it is not rf transparent) is accomplished
by a linear charge cutting the separation (inter) shell into 14 segments and
jettisoning the segments by conical springs. Each segment, however, is
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attached to the internal sphere by elastic lanyard lines that stabilize the
internal sphere; this then eliminates the necessity of anchoring the internal
sphere by other means,

The internal sphere is constructed of a flotation shell, flotation fluid, and
an intersphere covered with an insulator-sealer. The flotation shell and
fluid provide the erection technique for the communication antenna, since
the intersphere (which is housing the fixed antenna and payload) is free to
float to an upright position . The center of gravity of the intersphere is
~1.5 inches from the center of buoyancy, hence allowing sufficient static
margin. The flotation shell is fiberglass, (~0. 25 inches thick), since it
must also be rf transparent. The selection of a flotation fluid is predicated
on meeting several design requirements:

a. It must be dielectric, rf transparent,

b. It must have a high boiling point >300°F, due to the sterilization,
c. It must have a low freezing point <0°, due to space environment,
d. It must have a low viscosity and finally,

e. It must have the exact density of the intersphere, ~3. 2 slugs/ftz.

For the conceptual design Freon - E3 (a flourocarbor-developed by DuPont)
was selected. It satisfies all these design requirements.

The insulation shell serves three important purposes: (1) provides an in-
sulation barrier for thermal control, (2) acts as a sealer against the flota-
tion fluid, and (3) provides a smooth surface for the intersphere. The inter-
sphere is constructed in a series of layers, where each layer houses a por-
tion of the payload in an aluminum shell (this is illustrated in figure 10, de-
tail E-E). These layers of payload equipment are so arranged that ease of
fabrication and weight distribution are achieved. Details of the biological
experiment (Gulliver - 'sticky string") and anemometer deployment schemes
are also presented in figures 10 and 11. Finally a detail is presented in this
layout of the caging mechanism. The purpose of the caging mechanism is
twofold: (1) it secures the intersphere to the flotation shell and consequently,
to the lander during launch, space cruise, and entry, and (2) it provides an
umbilical connection for all electrical wiring to and from the landed payload
for ground checkout, storage of engineering and scientific data during flight,
and command of release mechanisms.

3. Operational Sequence

After the entry vehicle has successfully survived the atmospheric entry en-
vironment, descent and landing operations must occur in the following chron-
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ological order: drogue chute deployment at M = 2.5, separate the landed
sphere (with descent payload) from the entry vehicle, deploy main para-
chute at M = 0. 8, jettison descent payload, jettison main parachute at im-

SotEt a2 —~
nact and icttis

pact, and ison impact attenuator after sphere roils to rest. In order to
facilitate their operation, the main and drogue parachutes are packaged
within the entry vehicle but external to the landed sphere. This is illustrated
in figure 13. '

The drogue parachute, in its mortar with insulated cover, is located as far
forward as possible in the conical afterbody (a vehicle center of gravity con-
sideration) with its cylindrical axis aligned through the vehicle center of
gravity. This prevents an overturning or tumbling motion from being imparted
to the vehicle at mortar firing. The drogue attachment line lies in an insu-
lated, covered trough, formed by one of the afterbody longerons, which ex-
tends from the mortar to the after cap, and is attached to the aft end of the
afterbody on two or more longerons by a bridle designed so that the drogue
loads will be carried axially along the neutral axes of the longerons.

At mortar firing (initiated by a peak g switch and a programmer timer for
Mach 2.5, see section 7.7) and drogue injection, the insulated mortar cover
is jettisoned and the attachment line trough cover and aft cap are pulled free
of the vehicle afterbody by the taut drogue attachment line. The trough cover
and aft cap remain captivated to the afterbody after drogue deployment in
order to prevent them from damaging the deployed drogue canopy.

The main parachute (canopy, shrouds, and riser) is packaged in a cloth bag
secured to the inside of a canister which in turn is fastened to the entry
vehicle afterbody. The bottom or forward end of this canister is open, allow-
ing the main parachute, in the cloth bag, to rest directly on an insulated

area of entry vehicle forebody. The main parachute attachment line is
fastened to the landed sphere harness by a six-lead bridle.

The landed sphere (with descent payload) is separated from the entry vehicle,
and the main parachute is deployed by simultaneously initiating (at Mach 0. 8
by a timer) the releasing of the landed sphere from the forebody and firing
the shaped charge that separates the vehicle's fore - and afterbodies. The
forebody falls free. The landed sphere falling below the drogue-supported
afterbody, pulls the main parachute's riser, shroud, and canopy from the
cloth bag and canister attached to the afterbody. The drogue-supported
afterbody, with empty main parachute cloth bag and canister, floats to the
planet's surface as the landed sphere descends supported by the deployed
main parachute.

Prior to landing and after descent data playout (~100 seconds) the descent
payload is jettisoned from the parachute-supported landed sphere. Upon
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impact with the planet'ssurface, the parachute and its harness are jettisoned
from the landed sphere, at initiation by an impact fuse. After the landed
sphere has come to a complete rest, the impact attenuator is jettisoned by

a linear charge into fourteen segments. These segments are attached to

the internal sphere by elastic lanyard lines, thus stabilizing the sphere.

The caging mechanism has previously been released during Jettisoning of
the descent payload and hence the intersphere (housing the payload and an-
tenna) is free to rotate to an upright position. After all oscillations *zve
dampened out, the "'sticky string'' and anemometers (two each) are ‘ared
out in sequence, thus recaging the intersphere to the flotation shell, ::uce
fixing the antenna in an upright position for communication.

4. Assembly Sequence

In order to clarify the lander design and to understand the assembly opera-
tion required to build the lander concept, a cursory estimate of the assembly
sequence is presented in figure 14. Included in the assembly sequence is

a parts list for each chronological step in the assembly. The development
and cost plan associated with volume V of the Advanced Mariner final report
was based on this sequence in conjunction with the preceding design layouts,
figures 10 and 11.

3.4 WEIGHT SUMMARY

Included in table 23 is a complete weight summary of the lander. Two sets of
weights are presented. The first columns (not in parentheses) are those weights
generated in the conceptual design synthesis from parametric data. The second
column (those in parentheses) are the final lander weights resulting from the
conceptual design analysis. Inthe conceptual design synthesis, engineering
estimates were used to account for weights that are nonparametized in the para-
metric study (such as thermal control, internal structure, wiring, pyrotechnics,
and hardening effects). As the conceptual design proceeded, certain additional
systems were added and more rigorous analyses were conducted. These effects
are illustrated by the change in weights shown in the parentheses. The signifi-
cant changes were realized in the addition of umbilicals, wiring, and pyrotechnics
due to the large number of separation systems incorporated in the design.

Another significant change was noted in the impact attenuation weight (~20 pounds).
This change was due to the use of a curve fit to cover a series of crushable ma-
terial in the parametric study, whereas in the conceptual design a specific alum-
inum honeycomb material was used (see section 8.5.1), which resulted in greater
efficiency.

Notice that the payload weights (both landed and descent) did not change from
the conceptual design systhesis. The weights used for these systems employed
state-of -the-art hardware in the parametric study, and hence could not be im-~
proved.
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Internal Weight

Landed Payload
Communication
Science

Power

Structure and
Deployment

Thermal Control

Umbilicals and
Wiring (est)

Pyrotechnics (est)
Landed Weight
. Attenuator

Support Structure
Aluminum H/C

Umbilicals and
Wiring (est)

Pyrotechnics and
Release (est)

Suspended Weight

Descent Payload

Communication
Science

Structure

Pyrotechnics and
Release (est)

Umpbilicals and
Wiring (est)

TABLE 23

WEIGHT SUMMARY

N\
NN
wen

16.7
129.7
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(126.7)
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(1.0)
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124.1  (126.3)

272.0 (258.0)

317.1 (312.3)
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TABLE 23 (Concl'd)

Eatry Wéight 500.0 (516.5)
Heat Shield 65.5 (70.1)
Structure ‘ 66.7
Drogue Chute 25.0  (30.1)
Main Chute 25.6  (26.7)
Thermal Control (10. 3)
(Insulation)
Thrusted Weight 536.0 (554.5)
Propulsion System ‘ 25.0 (23.0)
Bracketry 6.0 (5.5)
Yo-Yo Despin 5.0 (9.5)
Separateci Weight | 601.0 (627.1)
Sterilization Canister | 60.0 (66.5)
Spin Rockets 5.0 (2. 8)
Separation Joints ] (3.3)
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Finally it is interesting to note the sum of weights that are nonparametized
(i.e., not included in the parametric studies), weights that do not have a single
criterion to parametize against and depended entirely on the conceptual design
selection. These weights are listed in table 24 and resuit in approximately 18
percent of the lotal lander {entry vehicle) weight. Summarized in the following
table are the moments of inertia of the lander at flyby bus separation and at
entry. These inertias were calculated using the conceptual design layouts and
weight summary in table 23.

At Separation At Entry

Iy (Roll) slugs/ft? 45. 62 40. 76
I, (Pitch) slugs/ft2 36.17 26.16
I; (Yaw) slugs/ft2 - 43,33 35. 44
Xc_s_ inch/inch of dia. 0.18D 0.19D

The large value of I; is due primarily to the parachutes located on the opposing
axis. Notice that this value is close to the roll moments of inertia. This re-
sult necessitated that the lander be despun at entry since spin stabilization
could not be guaranteed (see section 4. 1).
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TABLE 24

NON-PARAMETIZED WEIGHTS

Pounds Percent

Engineering Instrumentation & Diagnostic ' 4.0 (0. 8)
Descent Payload Structure 9.2 (1. 8)
Internal Payload Structure 27.9 (5.5)
Attenuator Support Structure 16.7 (3.2)
Umbilicals & Wiring 17.0 (3. 3)
Pyrotechnics . 5.0 (1.0)
Thermal Control ' 12.4 (2.4)
Total 92.2 (18.0)
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4.0 AERODYNAMIC PERFORMANCE

The reference lander shape for the Advanced Mariner Design Study has been the
Apollo configuration shown in figure 15. A nominal diameter of 8 feet andm/CDA
= 0. 20 were chosen for the initial parametric trajectory study. Nominal
moments of inertia of IX= 95 and Iy = IZ = 65 were computed based on the center
of gravity location and an assumed density distribution. Figure 16 shows the
variation of longitudinal and transverse radii of gyration versus vehicle dia-
meter for the assumed XCcG/D = 0.175.

The trajectory studies were performed for the most part with a four-degree-
of-freedom digital program, and compared at critical conditions with a full 6-
degree-of-freedom program. The four-degree program has the advantage of
providing both heating and dynamic data at a lower cost than the six-degree
program can provide dynamics alone. The main disadvantage of the four-degree-
of-freedom program is the fact that it can accommodate angle-of-attack varia-
tion of aerodynamic coefficients at only one Mach number. However, it was
possible to obtain excellent simulation of the trajectory down to peak dynamic
pressure and qualitative effects to Mach 2.5. Mach 2.5. is a convenient
reference because it is the nominal Mach number for drogue chute deployment.

The aerodynamic coefficients used in the study were obtained from references 1,
2,3,4,5. Newtonian variations of Cp and Cm, with angle of attack are plotted
in figures 17 and 18. Reliable experimental values of all static aerodynamic
coefficients were found, but data on the damping coefficient, Cy.,, were rather
limited and inconsistent. Based on data from several sources, values of this
coefficient were estimated for the complete range of Mach number and angle

of attack. These are believedtobeconservative, but to evaluate the sensitivity
of the performance to damping, Cmg was treated as a parameter and varied
over the range from zero to Newtonian. The poor transonic and subsonic
dynamic stability of the Apollo Shape results in reduced drag (owing to the large
average angle of attack) and consequently high impact velocities in the rarer
atmospheres. This forced the decision to use a drogue chute to assure survival
of the payload after impact.

The results of the parametric trajectory study are summarized in table 25, This
table is arranged to show the effect of varying only one parameter while holding
all other conditions the same as a reference trajectory obtained with the Apollo
shape. A reference trajectory was computed using both zero and the estimated
values for the damping coefficient, Cp,.. These are both giver. at the top of the
table together with the results of the 6 -degree-of-freedom program for the

same nominal conditions. Care should be taken in observing the effects of the
variables to compare with the proper reference trajectory according to the

Cmq specified in the second column. A detailed discussion of the effect of each
of the variables is given below,
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The Mars atmospheric models considered in the study have the characteristics
tabulated in table 26, and the temperature, pressure and density profiles plotted
in figures 19 thru 21, as specified for the Advanced Mariner Study (reference 1
section 6. 0). The H atmosphere was chosen for the aerodynamic parametric
studies becausc it was the most critical atmosphere for chute deployment, due
to low pressure and high temperature.

1.1 ENTRY CONDITIONS

The entry conditions considered were based on the analysis of bus lander separ-
tion conditions. Entry velocities ranged from 19, 000 to 24, 000 ft/sec with
flight path angles from -90 to -20 degrees. The angle of attack could be either
random (e. g. up to 179°) with negligible rates of spin, pitch, and yaw, or held
to approximately 90 degrees with spin stabilization. The proposed spin rate

for this purpose is 2 rad/sec, which is the required spin rate for thrust vector
control. Since the latter combination (e, = 90 degrees P= 2 rad/sec) resulted
in acceptable trajectories and would not require despin, it was selected for the
nominal parametric entry conditions. The mean entry velocity of 21, 500 ft/sec

and a flight path angle of 90 degrees also were chosen for the nominal entry
conditions,

A study was made of the limitations on spin stabilization of the lander during
the period between separation from the bus and entry into the Martian atmos-
phere. A relationship is given in reference 6 for the maximum precession
angle as a function of the moment caused by misalignment of the separation
thrust axis, the kinetic energy of spin, and the ratio of longitudinal to trans-
verse moments of inertia. A chart for determining the required spin kinetic
energy for any given case is reproduced in figure 22, For the assumed inertial
properties of the lander, a spin of 2 rad/sec was found adequate. The effect of
solar pressure was also investigated and found to be negligible for the proposed
design with the spin rate of 2 rad/sec. Not investigated, and unknown in this
case, are the effects of internal damping, gravity and magnetic fields, and impact
of micrometeoroids.

1. Entry Velocity, V.

 The entry velocity determines the kinetic energy which must be dissipated.
Figure 23 shows that varying entry velocity has a negligible effect on the
angle of attack envelope at peak g and at Mach 2, 5. However, as expected,
there is a large effect on loads. It can be seen in table 25 that peak
deceleration varies approximately as the square of the entry velocity at
constant entry flight path angle.
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TABLE 26
MARS MODEL ATMOSPHERES*

Interim Low Pressure Models
With 13,3 gm/cm? Argon

Property Symbol Dimensions -G H I J K
Surface pressure Py mb 11 11 15 30 30
lbs/ft2 23.0] 23.0 | . 31.3| 62,6 62. 6
|
Stratosphere temperature T, *K 130 230 180 130 230
*R 234] 414 324 234 414
Surface Temperature T, *K 260 260 230 210 23
°R 468] 468 414 378 41
Acceleration of gravity at 8 cm/sec? 375 3175 375 375 375
surface ft/sec? 12.3) 12.3 | 12.3] 12.3 12. 3
Composition {(Volume) %
CO2 64.8 64.8 43.3 10. 5 10. 5
A 35.2[ 35,2 32.2 13.0 13. 0
N2 0 0 24,5 7.5 76. 5
Molecular weight N mol-1 42.6] 42.6 38.8 31.3 31. 3
Specific heat ratio y 1.37 1.37 1. 39 1. 40 1. 404
Adiabatic temperature r *K/km 5.18] 5.18 4.91 4.05 0
lapse rate "R/ft x 107 2.84 2.84{ 2.6 2.22
Tropopause altitude hy km 25.09| 5.79 10. 19 19.75 0
ft 82300] 19000 | 33400 | 64800
Inverse scale height B km-1 0.1478 | 0.0835 {0.0972]0.1085 | 0, 0613
(stratosphere) ft-1 x 105 4.506 12.546 12.963 | 3,308 1. 869
Surface density Po (gm/cm3) 105 2.17] 217 | 304 s.37 4.91
, (s1/£t3) 105 4.21) 4.21 | 5.90| 10.42 9.54
Artificial surface density P’ (gm/cm3) 105 13.60] 2.52 | 4.35] 14.20 4.91
(s1/£t3) 105 26.40| 4.89 8.44| 27.55 9.54
Density at tropopause Pr (gm/cm3) 105 0.332] 1.55 1.62| 1.66 4.91
(s1/£t3) 105 0.643| 3,02 3. 14 3. 23 9.5j

*Based on L. Kaplan's (JPL) measurements of surface pressufe and mass of CO) .
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Figure 22 EFFECT OF VEHICLE MOMENT OF INERTIA RATIO ON
SPIN S1ABILIZATION
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2. Flight Path Angle, ye

The flight path angle governs the capture and the relative magnitudes of
heating and loads incurred during entry. A minimum capture angle of

Ye = =20 degrees was used for this study. {Note minimum entry angle analy-
sis, System Volume 1, 3. 3).

Figure 24 shows the effect of entry flight path angle, y, , on the dynamics.
It can be seen that the greatest effect other than the time scale is the change
in angle of attack envelope at peak g and Mach 2. 5. Referring to table 25,
the magnitude of peak deceleration varies approximately as the sine of the
entry angle. The six-degree-of-freedom results given on the table for

Ye = -40 degrees illustrate that the four-degree results are very good at
peak g, but are optimistic at Mach 2. 5.

3. Spin Rate, P

Angle of attack envelopes for various spin rates are presented in figure 25
for C"’q = 0.

The effect of increasing spin rate is to gyroscopically stabilize the vehicle,
reducing both the convergence and divergence of the envelope of oscillations.
Referring to table 25, it can be seen that increasing the spin beyond 2
rad/sec does not improve the envelope significantly but results in loss of
too much altitude at Mach 2.5, due to the decrease in average drag, which
is a function of angle of attack.

4. Angle of Attack, a.

Figure 26 shows that the performance of the lander is very sensitive to

entry angle of attack. Note that a spin of 2 rad/sec. has been used for this

study, and thatthe C; = 0. In addition to the large amplitudes of oscillation
q

obtained with large entry angles of attack, the average drag is reduced, re-
sulting in loss of altitude at Mach 2. 5. This latter effect is evident in

table 25. In this table, a comparison is provided for both a particle tra-
jectory (zero angle of attack) and the unspun 179 degrees case. It can be
seen that if Cmcl is much smaller than estimated, an improvement in per-

formance is possible by spin stabilizing at a, = 90 degrees. - Or stated
another way, there is less sensitivity to C, for entry conditions of a =

90 degrees and spin rate of 2 rad/sec.
4.2 EFFECT OF ATMOSPHERE
Figure 27 shows the effect on performance of the various atmospheric models

considered. It can be seen the atmosphere has practically no effect on either
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the time or 21gle of attack at peak g. The main effect is on the envelope after
peak g, and the time to impact. The greatest peak deceleration (see table 25),

occurs in the G atmosphere. The greatest altitude at Mach 2.5 occurs in the
K atmosphere.

4.3 EFFECT OF VEHICLE PARAMETERS

1. Ballistic Coefficient, m/CDA

The first vehicle parameter to be studied was m/CDA because this is prob-
ably the most important single characteristic of the lander. Through this

parameter, the performance of the vehicle will ultimately determine the
payload.

It has already been observed that since the drag of the reference shape
varies with angle of attack, the smaller the average angle of attack, the
greater the deceleration, and consequently the lower the impact velocity
and the greater the altitude at Mach 2.5. Effective m/CpA is the parameter
which compares the performance of the vehicle in a dynamic trajectory with
the performance possible at zero angle of attack (particle trajectory). The
effective m/CDA is thus always higher than the static hypersonic m/CpA

at zero angle of attack used to describe the vehicle, and is defined in this
study as the m/CpA required in a particle trajectory to achieve a given
altitude at Mach 2.5. Figure 28 compares dynamic and particle trajectory
performance at Mach 2.5 as a function of hypersonic m/CDA.

The overall effect of m/CDA on entry dynamics is illustrated in table 25.
The envelopes are almost identical down to M = 2.5 for the range considered.
The only difference appears to be the altitude at M = 2.5 as discussed above.

2, Damping Coefficient, Cmq

The effect of the damping coefficient, C,_ , on the angle of attack envelope
is shown in figure 29. It can be seen that the aerodynamic performance is
rather sensitive to this parameter, and that more data should be obtained
to verify or refine the estimated values. As pointed out earlier, the effect
of Cmq can be minimized through the use of spin,

3. Configuration

A shape study was unde ctaken to.determine what modifications to the Apollo
shape might improve the effective m/C_ A and increase the payload. The
variations considered are shown in figure 30, and associated aerodynamic
characteristics are compared in figures 31, 32, and 33. The effect on the
angle of attack envelope is shown in figure 34.

-95.



REORDER M. £/~ =2

The first modification considered was the addition of fins to the Apollo shape,
in an attempt to increase both damping and drag at large angles of attack
without changing the desirable characteristics at small angles of attack.

The disadvantage of this configuration is the possibility that the large fins
might impart a high spin rate.

Shape E-5 was investigated because of its high drag at all angles of attack
and the greater latitude on center of gravity location as compared to the

Apollo. However, the weight of the heat shield required would more than
offset the drag benefits.

The sphere was also considered because of the constant drag at all angles
of attack. However, the decrease in drag and increase in surface area
made this configuration unacceptable.

The most promising shape was A-1, because it not only significantly lowered
the effective m/C_A, but allowed reduction in the heat shield weight., How-
ever, within the scope of this study, it was rejected because of the need for
greater control of entry angle of attack.

4.4 CONCEPTUAL DESIGN SUMMARY

The results of the parametric study and the final internal de sign requirements
combined in the determination of the conceptual design. A new center of gravity
location of 0. 21 D necessitated a change in the afterbody design to prevent
rearward stability during entry. Using Newtonian theory, it was found that
changing the cone angle from 33 to 30 degrees moved the center of pressure
rearward sufficiently to maintain a satisfactory static margin. The conceptual
design configuration is shown in figure 35.

The m/CDA for the conceptual design was selected based on a required minimum
altitude for drogue chute deployment of 14, 000 feet. This corresponds to an ef-~
fective rn/CDA of 0. 285 or an actual hypersonic m/C~A of 0. 244 at zero angle
of attack indicated by the parametric study (see figure 28). Final conceptual
design analysis resulted in an m/CpA of 0. 25,

The final moments of inertia were less than predicted (see section 3. 4) and the
difference between axial and transverse moments of inertia became too small

for effective spin stabilization. It was therefore decided to despin prior to entry,
to improve the performance for large angle of attack at entry. A beneficial effect
of the reduced moments of inertia is increased damping, with resultant improve-
ment in the effective m/CpHA (see section 4. 3).

An abbrievated parametric study was conducted with the conceptual design as
the reference to confirm the conclusions from the previous studies, as applied
to this specific combination of the variables. For this study, the K atmosphere
was used as the nominal model, because of the additional information which
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could be obtained on heating. The coefficients used for the conceptual design
were based on the Apollo coefficients adjusted for the theoretical changes due to
new center of gravity location and afterbody change. The nominal angle of at-
tack at entry was 179 degrees with no spin.

The results of the study are presented in table 27, It is interesting to note that
for this design there is a smaller effect of entry angle of attack on peak g and
altitude at Mach 2. 5 than observed with the original referencs design. This is
evidenced in the location of the conceptual design point on Figure 28,

The maximum loading encountered (112g) occurs in the G atmosphere at an entry
flight path angle of -90 degrees. The minimum altitude at Mach 2. 5 (15, 000 feet)
now occurs slightly .wer in the G than the H atmosphere, but still above the re-
quired minimum for chute deployment.
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5.0 AERODYNAMIC HEATING

The objective of this portionof the parametric study was todetermine the critical or
designconditions from the range of possible atmospheres and entry conditions'and to
obtaina correlation between the vehicle parameters and required heat shield weight.
This information, combined with the results of the performance study, will lead to the
choice ofa conceptual de signand influence the selection of some of the entry conditions.

The heating studies were performed with a digital computer pProgram. This
program, which was described fully in reference 2 (section 6, 0), computes the
laminar stagnation point convective heating using the formula

v \P
qs=K\/_ﬁ:<“-)

in which
(1.1 + 0.075 M) 104 R /du
K = -

= -

ds

and

b = 3.909 ~ 0.0229M

where M is the molecular weight determined from the atmospheric composition,

R~ /du
R is the vehicle radius, and v, (ﬁ ¢ is the non dimensional velocity gradient
at the stagnation point. Table 28 presents values of M, KVR, and b for each of
the atmospheres considered.

An equilibrium radiative heat pulse was computed by evaluating the state of the
gas at the stagnation point and computing its emissivity. A radiative heat pulse
including the estimated effects of nonequilibrium was also computed. The stag-
nation point heating was computed along the actual flight path, which accounted
for angle of attack effects. A comparison of radiation computed in this program
with experimental results is shown in figure 36 which is reproduced from refer-
ence 2 (section 6.0). The change in location of the stagnation point with angle
of attack was accounted for in the heating distributions, which provide the heat-
ing at all points on the ‘body as a ratio to the value at the center line at zero
angle of attack,

The results of the parametric studies are summarized in tables 25 and 27, sec-

tion 4.1, and figures illustrating the effects of varying the parameters are dis-
cussed below.
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5.1 PRESSURE DISTRIBUTION

Presented in figure 37 is the pressure distribution for the Apollo shape as a
function of angle of attack. The forebody pressures are based on Newtonian
predictions, andthe afterbody pressures are from test data. These pressures
are used to compute the loading for structures, and the heating distribution.

5.2 HEATING DISTRIBUTION

The laminar convective heating distributions for the Apollo shape are plotted in
figure 38. At zero angle of attack the distribution was computed by the method
described in reference 2 (section 6.0). Wind tunnel data were available for the
distributions at angles of attack up to 50 degrees.

The radiative heating distributions for each of the atmospheres considered are
presented in figure 39. These are based on a shock envelope at zero angle of
attack assumed to be concentric with the spherical face of the vehicle and a theo-
retical variation of intensity with wave angle plotted for each atmosphere in
figure 40. The greatest amount of radiative heating across the face of the ve-
hicle is experienced in the J atmosphere. The zero angle of attack values were
applied conservatively to the entire spherical face at angles of attack up to ap-
proximately 23 degrees, which is close to the maximum encountered at peak
heating.

The approximate shock envelopes about the Apollo shape at angles of attack of
zero and 27.5 degrees are shown in figure 41. The envelope at zero angle of
attack is conservatively estimated to be a spherical surface concentric with the
spherical face of the vehicle and the shock at angle of attack was estimated from
data provided in reference 2. These shock shapes were used to estimate the
radiative heating contributions to the torus and afterbody at angle of attack.

5.3 EFFECT OF ENTRY CONDITIONS

The effects of both entry velocity and flight path angle on stagnation point heat-
ing are shown in figures 42, 43, and 44. These results are based on particle
trajectories in the K atmosphere, which was found to be the worst atmosphere
from the point of view of total heating.

 Peak rates of both convective and radiative (nonequilibrium) heating increase

with higher entry velocities and steeper entry angles. Integrated heating also
increases with increasing velocity, but the trend with entry angle is reversed
due to the longer heat pulse at the smaller entry angles.

The effect of dynamics on heating is shown in figure 45 which compares the
radiative and convective heat pulses obtained with a particle (a = 90 degrees)
trajectory with those obtained with an entry angle of attack of 179 degrees. It
can be seen that as a result of the oscillations, the peak rates increase about
15 percent, while the total heating increases by only 9 percent.
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The effect of flight path angle on the convective and radiative heat pulses is
shown in figure 46. It can be seen that although the rates are lower for a 52-
degree entry angle, the pulses are ionger than for the 90-degree entry, result-
ing in no change in integrated radiative heating but an increase in convective
heating for the shallower entry case.

5.4 EFFECT OF VEHICLE PARAMETERS

The effect of increasing the ballistic coefficient, m/CpA, is to increase both
radiative and convective heating, Figure 47 shows that total heating varies ap-
proximately linearly with m/CpA.

The effect of damping coefficient,C, , on heating can be seen to be slight on

table 25 (section 4. 0). This was to be expected because of the small effect ob-
served on the envelope of oscillations during the period of maximum heating.

The effect on heating of varying diameter was also studied and table 27, section
4.0, shows that increasing the diameter results in a decrease in convective
heating and an increase in radiative heating. The net effect is a negligible change
in total heating.

5.5 EFFECT OF ATMOSPHERE

The effects of varying the atmospheric model on heating are shown on table 25,
section 4.0. The highest convective heating rate (associated with low scale
height) occurs in the G atmosphere, while the highest radiative heating rate
occurs in the ] atmosphere. However, the K atmosphere results in the greatest
integrated heating due to combined convection and radiation. Figure 48 shows
the variation of heat pulse shape with atmospheric model for three atmospheres.

Referring back to the discussion of radiative heating distribution, it was found
that the highest level of radiation over the face of the vehicle occurred in the
] atmosphere.

5.6 CONCEPTUAL DESIGN SUMMARY"

The conceptual design which evolved from the parametric studies differs from
the reference design in that it has a 30-degree conical afterbody, the m/CDA
increases to 0. 25, the diameter decreases to 7.5 feet, the center of gravity
moves aft to 0.21 D, and the moments of inertia are reduced to about half the
predicted values (see section 3. 4).

Table 27 section 4.0, summarizes the results of the additional parametric study
conducted for the conceptual design to investigate the effects of further changes
which might be made in the final design and to determine the severest heating
conditions which might be encountered within the known limits of entry conditions.
Note that the nominal entry angle of attack for this study was 179 degrees with
no spin, .
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The most critical entry conditions for design of the heat shield are a flight path
angle of -52 degrees in the K atmosphere, which results in a total heating of
1804 Btu/ft2, The entry angle of -52 degrees represents the dispersion limit
associated with the proposed separation conditions. The velocity can be held
very close to 21,500 ft/sec.

The maximum convective heating rate of 101 Btu/ft2-sec is reached in the G
atmosphere, and a maximum radiative heating rate of 288 Btu/ft2-sec is ob-
tained in the ] atmosphere, both occurring at the steepest entry flight path angle
of 90 degrees.

TABLE 28

CONVECTIVE HEATING PROGRAM INPUTS

Atmosphere M K VR b
G 42,6 14861 2.933
H 42,6 14861 2. 933
1 38.8 13876 3. 020
3 | 31.3 11928 3.192
K 31.3 11928 3.192

1. Jones, R., Preliminary Langley Research Center Data on the Apollo Con-
figuration.

2. Walters, E.E., Free Flight Measurements of Radiative Heating to the Front

‘Face of the Apollo Reentry Capsule as a Function of Angle of Attack, NASA
TM X-851, 1964.
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6.0 HEAT SHIELD SYSTEM

The heat shield system is defined as the thermal protection system of the lander
during entry and will consist of an ablator with a substructure. In scme cascs,
however, a radiating (heat sink) design will be employed (e. g., for the after-
body). The heat shield system study is brokendowninto a parametric evaluation
and a conceptual design verification. In the parametric evaluation, pertinent
parameters were varied over the most likely combinations of entry conditions,
materials, and shapes. The heat shield and substructure are plotted as weight
fractions of the entry weight in terms of these pertinent parameters.

Design analyses were conducted for the conceptual system considering a more
rigorous analytical approach than was used in the parametric study. These
analyses were then compared to the parametric analysis to determine the degree
of accuracy. In cases where the conceptual design analyses indicated non-
conservative results, the parametric analyses were reworked.

The primary constraints imposed on the heat shield system stﬁdy were the
atmospheric models, vehicle shape, and sterilization requirement, The Mars
atmospheric models are defined in reference 1 and presented in section 4. 0.
The atmospheric models consist of five separate sets varying from a surface
pressure of 11 mb to 30 mb (defined as G through K in reference 1). Previous
in-house and contracted studies (Reference 2) on planetary entry employing
these atmospheric models indicated that the G-modelis the most severe from
the loading standpoint and hence, was the only atmospheric meodel used in the
substructure analysis. The K model atmosphere proved to be the most severe
from the heating (total integrated convective and radiative heating) standpoint,
therefore only this model was employed in the heat shield (ablator and heat
sink)studies.

It was established early in the study that a blunt aerodynamic shape was required
to adequately aerodynamically brake the lander for parachute deployment. More
particularly, a low m/CDA vehicle would be required. Hence, the Apollo con- ‘
figuration was chosen as the lander shape because of the extensive development
in terms of aerodynamic testing whiciiias been accomplished for this shape,
Several variations in the shape were considered to evaluate fully the designed
and performance requirements. These modifications were mainly performed .
on the afterbody, ranging from small angle changes to large conical extensions. .

The third constraint on the heat shield system is the sterilization requirement,

As established by NASA, all planetary probes must undergo a dry heat steriliza-
tion of 145" C for 36 hours three times. This puts a very severe criterion on

the material selection of both the heat shield and the substructure. The materials
selected must not only be compatible with this criterion by itself but also must

be compatible with other adjacent materials since the composite must be also
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capable of surviving the sterilization criteria without detrimental effects. Hence,

all materials selected in this study were evaluated for their capability to survive
this sterilization criteria. ' '

6.1 MATERIAL SELECTION TRADE-OFFS

In this section, several heat shield systems will be investigated to assess the
relative merits of each particular system in terms of weight efficiency to ac-
complish the desired mission objective. Three types of heat shield systems will
be investigated; (1) a high temperature (charring) ablator-aluminum honeycomb
substructure, (2) a dielectric design using low temperature ablators and fiber-
glass honeycomb substructure and (3) a heat sink afterbody design. The first

and last design systems will be evaluated for overall weight efficiency, while the
second system will be evaluated in terms of weight penalty to obtain a completely
rf transparent design for communication during entry and after impact,

1. Ablator-Aluminum Honeycomb

The ablator considered will be Avco 5026, a high temperature charring
ablator under development for the Apollo project. It is formulated from
organic resins and silica fiber and contains phenolic microballoons. This
material has been developed specifically for the Apollo heat shield, which
is subjected to some of the same environmental problems as will be ex-
perienced by the Advanced Mariner, and will be quite suitable.  Typical
thermal properties of this material are shown in table 29,

Preliminary tests of this ablator under the sterilization environment in-
dicated a loss in both mechanical and physical properties. However, further
testing resulted in a stabilization method in the curing cycle which led to no
reduction in properties. Thus, this particular material will meet the
sterilization requirements. Now a substructure must be obtained that

will be compatible with the selected heat shield under both the steriliza-

tion and entry environments. An aluminum honeycomb structure was
selected. This material can easily meet the sterilization criterion and is
completely compatible with the selected ablator since the coefficients thermal
expansion are approximately equal. However, during entry, the backface
temperature must be limited to 600°F, which is also the temperature limit

of most state-of-the-art bonding materials. Structural properties of aluminum
and other substructure materials are presented in table 30,

Using the design model, heat shield-structure weight curves were generated
as a function of the ballistic coefficient m/CpA for a 90 inch diameter

Apollo shape lander. The analysis is based on a computer program described
in reference 2. The program employs a 4-degree-of-freedom performance
trajectory analysis for heatingand pressure loading histories; then itcombines
a one-dimensional thermal model for heat shield analysis, and a hydrostatic
buckling analysis for the substructure in determining the weight components,
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Figures 49and 50 give the results of these analyses for the structure and
heat shield weight fractions, respectively. Also, shown on these curves

is the comparison of forebody and afterbody. Notice that the structure is
designed for an entry angle of -30 degrees while the heat shield is designed
for -20 degrees. These entry angle combinations represent the worst
conditions for each design for comparison purposes.

2. Dielectric Designs

The purpose for a dielectric design, in particular on the afterbody, was to
ease the communications antenna design and to create a fail safe mode in
case the antenna is not exposed during descent or after loading. In order to
produce a dielectric design, low temperature (noncarbon, charing) ablators
must be employed with a dielectric substructure, For this study Teflon,
Delrin, and LT, ablators were selected because of the good dielectric pro-
perties and compatibility with other environments. The thermal properties
of these materials are shown in table 29. As a substructure design for the
ablators a phenolic base laminated honeycomb will be used.

Here again the same computer program was employed as in the previous
analyses. The results are depicted in figures 51 and 52 for the structure
and heat shield weight fraction respectively. All conditions are exactly the
same as stated in the previous analysis for ablator-aluminum honeycomb
design. It can easily be seen that the LT, design is the minimum weight
design for the afterbody, but Delrin proved more efficient on the forebody,
Figures 53 and 54 show comparisons of total heat shield systems which
again which shows the same results.

A cursory evaluation of heat sink designs indicated, for the magnitude of
heat occurring (reference section 5.0), that cnly an afterbody design could
be considered in terms of weight efficiency since it would not compare to

an ablator design of the forebody. Only beryllium heat sink material was
considered in the study because of its high temperature and specific heat
capability, coupled with its superiority in structural properties over other
candidates. In all cases the thickness of material required for the design
was determined by the structural minimum gage requirements and resulted
in 0. 020 inch thickness for a 90-inch diameter Apollo vehicle over the com-
plete range of m/CpA considered. The heat shield-structure weight fraction
for a beryllium afterbody design is shown in figure 53. The figure also in- .
cludes a 1.7 factor for rings, fittings, and bracketry.

Finally, a comparison of all designs is made in figures 53 and 54 for just
the afterbody design and the complete lander, respectively. One can easily
see that the beryllium afterbody design results in the minimum weight.
Going to a dielectric design, considering the minimum design of LT, -
fiberglass, the weight penalty is very severe. Hence, in the following
parametric analysis, only the beryllium afterbody/5026-aluminum forebody
design will be considered.
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Figure 49 ALUMINUM HONEYCOMB STRUCTURE WEIGHT FRACTION
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Figure 50 AVCO 5026 HEAT SHIELD WEIGHT FRACTION

-135-

S



REORDER No.&oy/- 523

Figure 51 FIBERGLASS STRUCTURE WEIGHT FRACTION
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Figure 54 MATERIAL COMPARISON OF HEAT SHIELD SYSTEM
WEIGHT FRACTION
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6.2 ENTRY CONDITION EFFECTS

Since the entry conditions greatly affect the performance of the lander, and
consequently the heating and pressure loading histories, then these conditions
must be fully parametized to assess their effects on the heat shield systems,

In this section, the pertinent entry parameters will be evaluated. Among these
will be entry angle (yg ), ballistic coefficient (m/CpA), lander pitch rate (Q),
spin (P), angle of attack ( ag ), and entry velocity (Vg). From these parametric
evaluations, one can easily determine the heat shield system weights and assess
the effects of entry conditions on the overall mission objectives.

l.  Entry Angle ( yg ) and m/CpA

In this section both the entry angle ( vg ) and the ballistic coefficient (m/CDA)
will be varied. The entry angle parameter will vary from -20 to-90 degrees
where the low value is the minimum angle before skip-out would occur and
-90 degrees is the obvious maximum value. The ballistic coefficient range
of values (m/CpA = 0.2 -0.5) was determined from a cursory evaluation of
the required aerodynamic deceleration necessary for Mach 2.5 parachute
deployment under the atmospheric models proposed for this study. Also,
previous studies considering these atmospheric models suggested this

range of values,

The first parametric curve, figure 55, is a plot of total heat shield system
weight fraction versus entry angle ( yg ) as a function of m/CDA. In this .
figure the forebody is Avco 5026 - aluminum honeycomb (including the
toroidal corner) and the afterbody is beryllium. It is evident that entry
angle has a small effect on the fraction above -40 degrees. This is due to
the resulting summation of an increasing heat shield fraction and a decreasing
structural fraction with decreasing entry angle, since both the heating and
pressure loadings are sine functions of opposite sign with Y- This effect

is noted on figures 56 and 57 for the total heat shield and total structural
weight fractions. Note that the beryllium afterbody is included as a heat
shield weight in these curves. In the generation of the above curve, it must
be noted that the heat shield design is for the K-atmosphere and the structure
design if for G-atmosphere as stated previously.

In an actual design, it is unlikely that the heat shield system would be de-
signed for a single entry angle as presented in figure 55, but would more
likely be designed over a range of angles. The range of entry angles used
in designing a heat shield system is usually determined about a nominal
entry angle by considering the 30 error dispersion about the nominal
condition. As presented in the system trajectory analysis (volume II,
section 3, 2), the dispersion becomes very significant at low values of entry
angle. One now designs the heat shield weights using the low entry angle,
which gives the highest intergrated heating, and the structural weights using
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Figure 55 TOTAL WEIGHT FRACTION VERSUS ENTRY ANGLE
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Figure 56 TOTAL HEAT SHIELD WEIGHT FRACTION VERSUS M/ CpA
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the high entry angle, which results in the highest pressure loading. This
is best illustrated by the following table wh1ch was generated using 3¢
dispersion about the nominal; :

Design Range
YE )Nominal & g

YE) Heat Shield YE)Structure
-40 -21.3 -58.3
-60 | -45.6 -74.4
~90 -77.1 $-90.0

Combining the nominal entry angle results with the previous plots of weight
fractions, a curve of total heat shield system weight fraction versus yE)NOM
can be constructed as depicted in figure 58. Now the true effect of entry

angle can be evaluated as illustrated by this figure.

It is often desirable to find a simple expression for the heat shield system
weight fraction. This can be accomplished by cross plotting figure 58 as
a function of m/CDA instead of yg . Now a curve fit can be obtained to
satisfy all entry angles and the range of m/CpA.. Such an expression is,
Vus + Vst

-0.8
= K (m/ CDA)
Vg

where the constant K depends on the nominal entry angle (YE)NoM as present-
ed in the table on figure 59. In the following sections we will establish an-
other expression coupling in the effect of lander diameter to the above ex-
pression.

To facilitiate design tradeoffs and to illustrate entry angle effects on fore-
body design, curves have been added showing the forebody heat shield,
structure, and total heat shield system weight fractions. These curves
are presented in figures 60, 61, and 62. In addition, the heat shield thick-
nesses and structural thicknesses for the forebody are also presented to
support design layouts and lander center of gravity locations. These data
are presented as a function of both m/CpA and yg in figures 63 through 65.

2. Angle of Attack, Spin and Pitch

The entry angle of attack, spinrates, and pitch rates could have a significant
effect on the total heat shield system weight, in particular on the heat shield
(ablator) weight. This effect is due primarily to the angle of attack history
of the lander during peak heating pulse (reference section 4.0). The heat
shield and structure computer programs used in these analyses account for
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Figure 60 FOREBODY STRUCTURE WEIGHT FRACTION VERSUS M/CDA
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Figure 61 FOREBODY HEAT SHIELD WEIGHT FRACTION VERSUS M/CDA
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Figure 62 FOREBODY HEAT SHIELD - STRUCTURE WEIGHT FRACTION
V ERSUS M/CDA
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this angle of attack history in their weight predictions. The angle of attack
effectis particularly noticeable on the afterbody heat shield weights as can

be seen in figure 66. In this figure an ablative heat shield(Avcoat 5026) was
used and a notable weight penalty is realized as the entry condition becomes
more severe (ag =179 degrees, P= 0, Q = O). However, when a hot
structure (heat sink) design is employed on the afterbody, such as beryllium,
a small effect with entry condition is noticable, as illustrated in figure 67.
This is due to the low integrated heating experienced on the lander during
entry. Even with the worst condition, the beryllium thickness required to
operate at 1300° F is well below the minimum gage constraint, Only a
small difference in heat shield weight ( ~ 1 percent will be noticed on the
forebody due to the non-uniform heating distribution, even at large angle

of attack.

In conclusion, if a hot structure design is used for the afterbody, entry
conditions will have little effect on the heat shield system weight; however,

if an ablator design is used, entry conditions will have a large effect.

3. Entry Velocity

The results of a study to ascertain the feasibility of using a beryllium hot
structure (for both forebody and afterbody) and to determine the effect of
entry velocity on the heat shield system is presented herein. A range of
entry velocities between 15, 000 and 24, 000 ft/sec was considered. This
range of velocities is considered to give the practical bounds for the 1969
launch opportunity.

The design heat pulses are based on a ballistic coefficient of 0. 25 slu.g/ftZ
using the Mars K-atmosphere model (1) and a 100 inch diameter Apollo
vehicle. The study was conducted for a range of entry angles between Ye =
-20 to-90 degrees (combining both structural and heat shield analysis at
each entry angle).

In figure 68 the relative heat shield system weight fractions are compared
for three possible combinations of heat shield system designs:

a. Avco 5026 and aluminum honeycomb structure all over.

b. Avco 5026 and aluminum honeycomb structure forebody, beryllium.
hot structure afterbody.

c. Beryllium hot structure all over,

The results presented in figure 68 clearly indicate that combination 2
(using beryllium afterbody) represents the minimum weight design over
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Figure 67 EFFECT OR ENTRY CONDITION OR HEAT SHIELD SYSTEM
WEIGHT FRACTION

-155-

-~




Figure 68 HEAT SHIELD - STRUCTURE WEIGHT FRACTION VERSUS
ENTRY VELOCITY'
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almost the entire velocity range., This conclusion supports the selection
previocusly made in the material trade-off section. Combination 3 (beryllium
hot structure all over) would only produce minimum weight design at very
low velocities which require a retroc-maneuver prior to entry to bring the
velocity down to this range; hence the weight required for retro would greatly
overshadow the heat shield system weight savings.

6.3 LANDER DIAMETER EFFECTS

In all of the previous analyses of the heat shield system, only a 90 inch-
diameter Apollo lander was considered. It will be the attempt of this section

to establish the effect of lander diameter on the heat shield system weight. The
analysis will be limited to one m/CDA (0.30) and will be studied over the com-
plete range of entry angles with all other parameters held fixed. All analyses
presented in this section will be based on the same computer program 2 ysed
in the previous sections.

In the first parametric curve, figure 69, heat shield weight fraction versus
entry angle, there is a small effect of lander diameter on the heat shield weight
fraction but a significant effect with yg . Since the total convective heat load

1
decreases with increasing diameter (« b172 ) and at the same time the sur-

face area and entry weight are increasing with diameter («DZ). Then

2
Vus tysAs tysD 1

VE Ay D2 DA

Hence this result would be expected.

However, a look at the structural weight fraction indicates a reverse trend and
a large effect on the weight fraction with diameter and yg (figure 70). This is
attributed to the fact that the structural thickness is increasing with increased
diameter (« D",where 1.5< m < 2; see reference 2) and hence an increasing
weight fraction with dzameter. i.e.,

2
Vst tsTAs  tsTD
L3 L3 - ts.r -w

Combining these two results (on figure 71) shows a small effect with entry angles
from -40 to-90degrees but a significant effect with diameter,

Now, combining the diameter effects with the entry angle and m/CDA effect
established in section 6.2, a simple expression can be obtained for the heat
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shield system weight fraction as a function of lander diameter m/CDA and
entry angle as,

WHS‘:‘EWST - 0% (@ /CDA)—o.s
where
D = Lander diameter, inches.
m/CpA = Ballistic coefficient, slugs/ft>
K = Constant dependent on YE ., 2° shown in following table.
)’Emm =Lk,
-40 0.029
-60 0.024
90 | o.022

6.4 SHAPE MODIFICATION EFFECTS

Inthe intial preliminary design studies, itbecomes apparent thatthe required center
of gravity location for the Apollo shape (rearward entry center of pressure location)
would be difficult to obtain, coupled with the large stroke requirements required by the
impact attenuation system, Therefore, some modifications in the Apollo shape
would be required to relax the center of gravity constraint. Among the shape
modifications considered, as presented in figure 9, only the afterbody extension
and afterbody cone angle decrease seem practical at this time, due to lack

of aerodynamic performance data on the other shape modifications.

In the latter case, afterbody cone angle decreases from the Apollo 33 degrees
cone angle, if the change in cone angle is quite small (less than 5 degrees, would
not greatly affect the parametric results, since the use of beryllium would most
likely be limited to minimum gage. In the final conceptual design the cone angle
only changes by 33 to 30 degrees, which results in approximately a 10 percent
increase in surface area or ~10 percent increase in afterbody weight. If,
however, a large decrease in cone angle is required, then an evaluation of the
aerodynamic heating on the afterbody would be required and parametric studies
conducted on afterbody weight fractions, Time did not permit this type of an
evaluation in this study. )
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Referring back to the afterbody extension modification it is obvious that an ex-
tension of AX at the maximum diameter would result in a large increase in the
weight fraction because of two reasons (a) higher heat and pressure loading,
thus large heat shield and structural weights and (b) large surface area. How-
ever, the aerodynamic performance increascs significantly and the center of
gravity moves back approximately AX /2, which greatly relieves the center of
gravity constraint,

The effects of an afterbody extension were evaluated and are presented in

figure 72. This figure was generated for 9C-inch diameter vehicle combining

the worst-worst conditions of heat shield and structural design, (i.e., -90 degrees
G atmosphere structure, -20 degrees, K atmosphere heat shield.) The afterbody
was extended by elements AXequal to 0.2D and 0.5D. Note that a 15 degree cone
angle was used in these designs. This resulted from the restriction of the
surveyor shroud envelope which is also 15 degrees. Using a cvlindrical element
would reduce the maximum lander diameter (i.e., E-5 shape) and hence, would
reduce the lander weight for a fixed m/CpA. For the 15 degree conical element
extension, an ablator heat shield - aluminum substructure design had to be em-
ployed due to the high heating experienced at this cone angle.

Comparison of the results presented in figure 72 clearly indicates a severe
weight penalty by adding an extension to the afterbody. The afterbody extension
approach to the center of gravity problem appears not the way to go unless a
significant increase in entry performance can be obtained such that it will out-
weigh the weight penalty in heat shield system.

6.5 CONCEPTUAL DESIGN ANALYSIS

As the result of the parametric evaluation study it was concluded that Avco-5026-
aluminum honeycomb structure forebody and beryllium afterbody design yielded
the minimum weight heat shield system, providing ri transparency requirements
are not necessary. In the conceptual design synthesis, section 1.0, the use of
rf transparent heat shield system was eliminated in order to meet the mission
payload requirements. Thus, the above heat shield system will be considered

as the conceptual design.

In the following sections, .this design will be evaluated employing a more rigorous
approach than was used in the parametric study. The attempt here will be to
determine the degree of accuracy and to improve the parametric result. The
analysis will still be limited to a cursory evaluation rather than a detailed analysis
since a detailed design was not the objective of the conceptual design study. Each
of the major subsystems, heat shield (ablator or heat sink) and substructure,

will be analyzed employing the most refined analytical approach feasible. In

all analyses, the results of the parametric design will be used as the bases for
comparison,
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1. Heat Shield Analysis

In the parametric evaluation analysis, the heat shield was analyzed using
the digital computer program in reference 2. This program is limited

in its approach to the analytical model due to the constraint on computation
time. A more rigorous analytical program is available which uses a more
exact heat shield model but still is limited to a numerical solution. Using
this program, the heat shield (Avco 5026) was analyzed as a function of
back face temperature (Tg). The heating load used in this analysis was
generated considering the final conceptual design parameters;

m/CpA = 0.25 slugs/ft2

VE = 21,500 ft/sec

ar =179 degrees

YE = -52 degrees min.
D = 90 inches

The heating load analysis is presented in section 5.6.

In figure 73 the results of the heat shield analysis are presented. This
curve presents the back face temperature (rear, TR) as a function of heat
shield thickness. Comparing this resultat Tg = 600°F and tyyg = 0.17 inch
to the parametric study (figure 63) at m/CDA = 0.25 and yg = -52 degrees,
we find tyg = 0.23 which indicates a considerable amount of conservation
in the parametric analysis { ~ 30 percent). This is attributed to several
pertinent influences; 1) decrease in entry velocity from 24, 000 to 21, 500
ft/sec, 2) increased aerodynamics performance (as evident in section 4. 4)
due to decreased moments of inertia by a factor of two over parametric
study which resulted in low angle of attack history and reduced heat load,
and 3) more exact analytical heat shield model, primarily in the method of
adjusting for the structural capacitance. However, it was felt that the de-
gree of conservatism should be left in the parametric study due to the un-
certainties in how this material will behave under an unknownatmosphere.

Finally, a temperature history analysis was conducted on the beryllium hot
structure afterbody. The results of this analysis are presented in figure
74 for two beryllium thicknesses. It is evident that the thickness will not
be dictated by the heating pulse since beryllium is capable of 1500°F max
temperature and the highest temperature with 0. 020 thickness (min. gage)
is ~ 800°F which also supports the conclusion of the parametric study.
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2. Aluminum Honeycomb Forebody Analysis

The initial emphasis in the conceptual de sign of the forebody was given
towards preventing the elastic buckling of the composite shell as a shallow
spherical cap. This was accomplished by designing the facing sheets of
the honeycomb structure to withstand the peak membrane forces and then,
selecting a core depth which would prevent general instability of the com-
posite structure,

Although this study was preliminary in nature, it did serve several useful
purposes. First, it provided a means for assessing a primary mode of
failure which would influence, or perhaps, even govern the final design of
the structure. Secondly, it provided for an initial sizing 'of structure and
subsequently, led to a first estimate for the residual weight of the composite.
This estimate permitted detailed calculations to be performed on the inertial
forces acting on the structure and moreover, allowed for parametric studies
to be conducted on the effects of axial and bending stresses associated with
support ring.

The results of one such study on the effect of payload attachment is given in
the subsequent sections. The major purpose for presenting these results

is to indicate the relative magnitudes of the peak axial and bending stresses,
and further, toinsure that the design configuration selected for the Mariner
mission is structurally adequate to sustain these stress levels.

Before proceeding with a general description of the results, it is worthwhile
mentioning that the analysis is based on an existing shells program. The
equations utilized in the program are based on the formulation of the first
order, linear theory of elasticity. The computer program is used to solve

for the elastic strains, stresses, and displacements for a multilayered,
multiregion orthotropic shell of revolution subjected to rotationally symmetric
surface loads and temperature distributions. Both the loading and temperature
distributions are arbitrarily varied along the meridian of the shell with the
temperature also varying radially, Shell thicknesses can be varied along the
meridian and material properties allowed to be temperature dependent.

Figure 75 gives a graphical illustration of the details for the final forebody
design which consists of a shallow spherical cap intersecting a toroidal
corner. The thickness of the facing sheets remains constant except in the
region of the support ring where the thickness is increased significantly,

The reason for this increase is to provide a means for distributing the inertial
forces at lower stress levels and, also, to aid in minimizing any large shear
deformation effects which might occur. For purposes of programming, the
shell structure was subdivided into 15 regions along the meridian, and into
three layers through the depth. The inner and outer layers of the composite
consisted of aluminum 7075-T6 facing sheets with a modulus of elasticity
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of 10 x 106 psi. The central layer, or core, was considered to be an
aluminum honeycomb which held the facing sheets at a fixed depth, but one
which had a negligible effect on the bending rigidity of the shell.

In the present investigation, the shell structure was considered to be at
zero-angle of attack and subjected to a Newtonian pressure distribution
applied over the spherical segment. The pressure distribution at the
toroidal corner was obtained from wind-tunnel simulation tests and varied
from the Newtonian value at the sphere-torus intersection to zero at the
junction of the aft-and forebody.

The results obtained from the computer program are plotted in figures 76

to 78 as a function of the surface coordinate, X;» measured along the meridian
of the shell. In figure 76, the inner and outer fiber meridional stresses are
shown; figure 77 depicts the circumferential stresses at the two extreme
surfaces; figure 78 shows the variation of the displacement, u, directed
parallel to the axis of revolution and measured from the undeformed position,
and w, which is directed normal to the axis of revolution and is also measured
from the undeformed position. In all instances, the results have been
normalized to a one-g loading condition. (In the conceptual design GMmAX =
110, yg = 90°, G-atmosphere).

From an inspection of figure 76 it is observed that the inner, meridional

fiber of the honeycomb shell is in tension at the pole of the spherical cap.

This tension diminishes rapidly as one proceeds from the pole until a
maximum compressive stress is reached just prior to the increase in facing
sheet thickness. Within the region where the thickness has been substantially
increased, the stress level is lowered but still remains compressive in nature.
The meridional stress continues to be compressive for a small distance
outside this region and then reverts to a tensile state with a maximum peaking
at the sphere-torus intersection,

It is of interest to note that the sharp rises and drops in the stress level at
the support ring are attributed to the abrupt changes assigned for the thickness
of the shell. A more consistent design would, of course, have a gradually
tapering thickness such that the stress would flow uniformly across the region
and, thus eliminate any sharp, localized changes. Another point of interest
relates to the small compressive level of stress which exists at the inter-
section of the fore and afterbodies, It is briefly mentioned that the existence
of the compressive stress is due to the support conditions assumed for the -
present investigation. That is, the honeycomb structure was taken as simply
supported at the junction. This condition permitted arbitrary movement

of the shell in the radial direction by insuring that the meridional moment
and shear were identically equal to zero., Consequently, the only force

acting on the shell cross-section at the junction was a uniform compressive
axial thrust which represents the unbalance between the pressure loading

and the reactive inertial forces.
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The gross behavior for the meridional stress at the outer fiber is also
shown in figure 76. The behavior essentially represents the same type of

behavior as the inner layer except that the present curve is inverted and
translated.

The reason for the inversion is due mainly to the change in sign of the bending
movement, whereas the translation accounts primarily for the variations

in the axial stress. This result was expected and led to a maximum com-
pressive stress of 500 1b/in%, Based on the expected 120 g loading for the
Mariner mission, it is seen that the maximum stress level becomes 60, 000
1b/in%. This level is well within the yield limit range given for 7075-T6
Aluminum,

In figure 77 are shownthe inner and outer circumferential fiber stresses.
The only significant point worthwhile mentioning here is that the effects
of the abrupt thickness changes are considerably dampened. Also, in the
vicinity of the assumed simply-supported boundary, both the inner and
outer circumferential fiber stresses remain in tension, indicating that the
surfaces are undergoing stretching at the support.

Figure 78 shows the magnitudes of the displacement, u,which is directed
parallel to the axis of revolution and considered positive when directed
outward. The pole of the spherical cap is taken as a reference point of
zero displacement. As shown, the displacementisdirected outward up to
the point where the payload attachment load is acting, i.e., X; =19 inches.
At that point, the displacement is approximately equal to zero and then,
continues to be directed inward for small distances past the sphere-torus
intersection. In the subsequent region, the median surface of the shell is
displaced outwardly and reaches a maximum value at the boundary.

The peculiar behavior of the displacement at the payload attachment ring

is attributed to the fact that the external force system is completely balanced
at that point. This condition permits only a uniform, radially expansion of
the #ing. :

In figure 78 the displacement, w, is shown plotted as a function of the
meridional surface coordinate, Xj. This displacement represents the
amount of expansion or contraction of the shell element, normal to the
axis of revolution. The sign convention adopted for the present study is
positive for expansion of the element and negative for contraction. Again,
the pole of the spherical cap is taken as a fixed reference.

As seen from an inspection of the graph, a large portion of the shell's
median surface is undergoing extension. This is true even in the vicinity
of the payload attachment load. The only contractive areas which exist
occur in the region near the pole of the spherical cap. Also, note that the
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maximum extension of the shell occurs just prior to the junction of the
sphere and torus.

In summary, it is remarked that the present analysis has demonstrated some
of the displacement characteristics and stress levels which are to be ex-
pected in the Mariner forebody. In addition, the study has clearly indicated
that additional thickness increases are only required in the vicinity of the
payload attachment load. For distances slightly removed from the ap-
plication of the load, the stress levels are reduced considerably and are
adequately sustained by the shell thickness and core depth obtained from
elastic stability analyses. The weight increase due to the additional structure
in the vicinity of the payload attachment has been adeguately taken account

of by the 1.7 factor which has been applied to the basic structural weights

in the parametric study,
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7.0 DESCENT SYSTEM

Several parachute systems were investigated using one or two chutes. The
results presented herein are parametric curves which permit rapid estimation
of a descent system weight for specific design conditions. The goal of the
parametric evaluation was to optimize suspended weight (payload plus impact
system) as a function of ballistics coefficient, main chute deployment altitude,
nominal entry angle, and impact velocity. All of the suspended weight curves
reflect incorporation of heat shield and structure weights which were designed
for particular nominal entry angles.

One should note that in order to calculate the main parachute system weight

it is essential to know the weight of heat shield and structure since they are
jettisoned at main chute deployment. Both of these weights are highly dependent
upon entry angle while interplanetary trajectory analysis has indicated that a

30 dispersion (see Systems, volume I, 3.1, 2) is possible on the nominal entry
angle. Hence, the parachute design must include heat shield and structure
weights based on this dispersion. Listed below is a table of heat shield and
structure design entry angles for various nominal entry angle trajectories.

Cre) Nominal Heat Shield Design  Structure Design Parachute Trajectory
(degrees) Entry Angle Entry Angle Design
g y Ang g 4
90 75 90 90
60 47 » 73 73
40 21 59 59

' The basic weight components of the lander are expressed as follows:

WE = WD + WH/S + WS + WMC
where '
Vg, gross entry weight
¥V, drogue chute system weight
Wy/s» heat shield and structure weight
¥g, suspended weight (payload + crushup)
Vyme, main chute system weight
The primary objective of this parametric study is to obtainthe optimum ballistics

coefficient and/or suspended weight. Hence rearranging the above expression
for suspended weight we find that

-175-

P} "‘ /



RERDER Moz~ 52

Ve -¥u/s - V¥p

Yo =
s
YMC
¥s

1 +

On figures 79 through 84 is shown trajectory data relating altitude, dynamic
pressure, and ballistics coefficient.

All of the parachute trajectory analysis presented herein are evolved from a
three degree of freedom compute program. The drag coefficient of both the
vehicle and the parachutes are combined and utilized in such a way as to
predict the correct trajectory from entry to impact.

7.1 DROGUE CHUTE ANALYSIS

A Hyperflo type drogue chute was selected as the reference design based on
its good stability and drag characteristics at the desired deployment Mach

’ numbers. A nominal deployment of Mach 2.5 was chosen in order to leave

. enough leeway in the actuation system to accommodate variations due to entry
‘ angle and atmosphere uncertainties while remaining within fabric temperature
and loading limitations.

chute deployment at the indicated Mach number and main chute deployment at
Mach 0.8. The curves presented demonstrate the required drogue area/vehicle
j area ratio such that for a given m/CpDA the vehicle will decelerate to Mach 0.8
| at a given altitude. The trajectory curves utilize an effective drag coefficient
such that,

‘ The drogue chute trajectory data shown on figures 85 through 92 assume drogue

(CpAly + (CpA)p
Deg = Ay

where the subscripts D and V refer to drogue and vehicle, respectively. The
drag coefficient of the Hyperflo chute is shown on figure 93 (these data were
obtained from reference 1). For this drogue chute parametric analysis the
following assumptions were made,

1. Time delay of 1.0 seconds for drogue chute opening.

2. Particle Trajectory.

3. WDROGUE = 0.11 ApROGUE

4. Deployment at Mach number as indicated.
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7.2 MAIN CHUTE ANALYSIS

A Ring-5Sail type main chute was selected as the reference design based on its
good stability and drag characteristics as well as the state-of-the-art develop-
ment in the subsonic regime. A nominal deployment Mach number of 0.8 was
chosen in order to assure subsonic actuation. Figure 94 presents the time to
impact from a given altitude for a range of the ratio , main chute area/suspended
weight (Apc/Ws). One should note that initial entry angle had little effect on
impact time. Figure 95 presents impact velocity versus AMc/Ws. Both

figures 94 and 95 are for the H model atmosphere because this is the most
critical design atmosphere from a parachute descent standpoint. Figure 96
shows dynamic pressure versus altitude at main chute deployment.

The following assumptions were made in generating the above mentioned
curves:

1. Zero time delay for chute opening.

2. Drag coefficient of 0.7

3. Wmain chute = 0.013 A i) chute
7.3 SNATCH AND OPENING LOAD ANALYSIS
In order to adequately determine the Weight of a parachute canopy, its sus-
pension lines, and riser line, it is necessary to establish the maximum

opening shock loads sustained by the entire parachute system. The opening
shock or opening force is expressed as

F, = kq (CpA) Reference 2
where
k = Experimental di-mensionless factor
q = Dynamic pressure - psf
(CpA) = Drag coefficient times projected area of chute - ft2

The dimensionless parameter k is an amplification factor denoting the relation-
ship between maximum opening force F, and the constant drag force F, expressed
as )

The dimensionless factor k has been established experimentally for various
types of canopies, a few of which are listed below:
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Figure 94 TIME TO IMPACT VERSUS ALTITUDE AT MAIN CHUTE FULL OPEN
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{a) Solid Cloth, Flat Circular

k> 2.0
(b) Solid Cloth, Extended-Skirt k> 1.9
(c) Ribbon k> 1.1 Reference 2
{d) Hyperiio k > 1.85
(e) Ring-Sail k> 1.05

The maximum opening shock loads for various dynamic pressure levels and
chute diameters are shown on figures 97 and 98 for the Hyperflo drogue chute
.and the Ring-Sail main chute, respectively. A maximum value of 2.0 was

used for the amplification factor k in calculating the shock loads for the Hyperflo
drogue chute. This was done due to some present uncertainty in the experi-
mental value of 1.85 and also to build some added conservatism into the system
design.

7.4 MATERIAL SELECTION

Parachute fabrics are selected on the basis of load and temperature limitations.
The load criterion is set by the breaking strength of the fabric and is a function

“of the dynamic pressure and the diameter of the chute. The stress on the
canopy can be calculated by utilizing a thin-wall hemisphere approach, the
expression for which is

qDo .
S = e Ibs/in? (Reference 2)
. where q is the pressure acting uniformly on the hemisphere, t is the thickness

of the material, and D, the diameter of the parachute.

The temperature limitation is set by the maximum wall temperature a par-
ticular fabric is able to withstand and is a function of the ratio of specific
heats (y), static free stream temperature (T,), and the free stream Mach
number at a given altitude (M_). Hence, the canopy wall temperature can be
expressed as

(y-1
Tg = T, [l + 7 I Nz] (Reference 2)

where 7 is the temperature Recovery Factor assumed as 1.0 throughout the

study. Nylon and Nomex (HT-1) were the two fabrics investigated and have

maximum temperature limitations of 1260° and 1760 °R,respectively. Based

on these temperature limitations figures 99 and 100 present the maximum

possible deployment Mach numbers for all the model atmospheres and a

range of altitudes. Figures 101 and 102 show the fabric temperature limited
x Mach numbers for Nylon and Nomex materials in the H atmosphere. The
curves are for a 90-and 60-degree entry, respectively.
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Figure 97 EFFECT OF DYNAMIC PRESSURE ON DROGUE OPENING
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7.5 PARAMETRIC OPTIMIZATION

One of the primary objectives of the parametric study was to optimize the
ballistics coefficient and/or the suspended weight. As mentioned previously
the suspendecd weight is expressed as

VE-VH/s— VD
WS -
YMe
Vs

1 +

For a given set >f conditions and a range of m/CpA's the above expression can
be maximized. The controlling parameter in this expression is the drogue
chute weight (Wp). This is the parameter that forces an optimum m/CpA.

As the ballistics coefficient increases, it becomes increasingly more difficult
to achieve Mach 0.8 (main chute deployment) at the given main chute deploy-
ment altitude. In order to decelerate to Mach0.8 at the given deployment
altitude (for increased m/CpA's) the drogue chute diameter must increase.
Finally we reach an m/CpA such that the drogue weight becomes greater than
the increased entry weight; hence the suspended weight starts to decrease and
an optimum design point is reached.

Figures 103 through 110 are all for a 90 degree entry angle. Presented are
parametric curves for main chute deployment aititudes of 5,000 through 20, 000
feet and impact velocities of 50, 100 and 150 ft/sec. One can note that as
the main chute deployment altitude increases, the optimum m/CpDA decreases
quite rapidly. This effect is summarized on figure 110. Impact velocity has
no effect on the optimum m/CpA but does influence the amount of suspended
weight, the differences being in the main chute weight. This result is seen

on figure 105.

1. Entry Angle Effects

Parametric curves of suspended weight versus m/CpDA are presented for
entry angles of 60 and 40 degrees on figures 111 through 122. A summary
curve of optimum m/CpA versus entry angle is shown on figure 121 and
indicates that the optimum m/CDA increases as the entry angle decreases.
On figure 122 is a summary curve of optimum suspended weight versus
entry angle for main chute deployment altitudes of 5000, 8000, and

10, 000 feet and impact velocities of 50 and 150 ft/sc,

Figure 123 is a plot of suspended weight versus m/CpA. Two distinct
sets of curves are presented for comparison purposes. The upper set of
curves optimize suspended weight based on a nominal entry angle of 90
degrees which would include design for structure of 90 degrees entry and
heat shield of 75 degrees entry. This variation is based on a 3¢ entry
angle dispersion. The lower set of curves reflect optimum
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suspended weight utilizing heat shield and structure weights designed for
the entire entry angle spectrum of 20 to 90 degrees, i.e., design heat
shield for 20 degrees and structure for 90 degrees. Hence, figure 123
readily demonstrates the loss in suspended weight due to designing for
the entire entry angle spectrum.

2. Mach Number Effects

Studies were conducted to evaluate the results of increased drogue chute
deployment Mach number. Parametric optimization curves for Mach
3.0 and 3.5 are presented on figures 124 and 125, respectively. Figure
126 presents curves of optimum m/CpA versus drogue deployment Mach
number and figure 127 shows curves of optimum suspended weight versus
drogue deployment Mach number. One should note that all of the above
mentioned curves were generated for a 60-degree entry angle. The
above curves should be used in conjunction with the data in the materials
selection section so as to ascertain what the maximum drogue chute
deployment Mach number is for a particular set of conditions and type
fabric. The design should also be such so as to allow for dispersion in
the deployment Mach number due to the actuation system.

3. Surface Pressure Effects

The effect of surface pressure on landed weight was determined. The
range of surface pressures studied were 11 to 30 mb which are the G
through K model atmospheres. A nominal set of conditions was chosen
Just to demonstrate the effects of surface pressure. The assumptions are
as follows:

a. y. nominal -90 degrees
b. Diameter of Vehicle 100 inches
¢. Drogue Chute Deployment Mach 2.5
d. Main Chute Deployment Mach 0.8

e. Altitude at Main Chute 5000 feet
deployment

f. Impact Velocity 50 ft/sec

Parametric curves similar to previous results are presented on figures
128 through 131. Results for the 15 and 30 mb atmospheres are presented
therein. Figure 132 is a summary of optimum m/CDA and optimum
suspended weight versus surface pressure.. Note that if the minimum
surface pressure were 30 mb, then a vehicle design with an m/CDA in the
order of 0. 90 slugs/ft2 would be possible.
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